Morton's Handbooks of the Farm. 


No. I, 


T,IIH 

CIIEMISTJIT OF THE FARM 


li. WAiaN(JTON, M.A., 

Formerly Sibihorpian Vroj'vMor of Htinil ItJconomy in th4 Univeraity 
of ih'fonl. 


TWENTIETH EDITION 
{Fourth lit:vhion) 


l-( )NhoN : 

VINTON tl- CO,, I/ii)., H, lUlKAiM’H JiCn.O].K(}S, CIJANT'KIlV HANK. K.* 



p:i:13:iifac;e 

TO TJll^ KiaOSlON. 

Ah (ilunnislry oT lili(^ I'^irni*’ in now proli.y 

widojy known, luid In'i.s Ixuui i.i‘;uislii.loil into iu’V<‘rii,l 
ljni<*'nn,‘((^H, a Inw woi’dn m Lo ilH ori|^iii will ])frha]iH 
b(^ of inL(‘r(u-il). 

\{i i.s jjrobn-hly noii ,'»;(^ni’i*ally known Uiai ilu* pn*:.rid. 
worlv wan orip'inally und(‘.r(.ak(ui by Sir .1, ik IjAwi*:::. 
it wa.H in. tli(^ aiiniinor oE 1H7M Uiiid* Mio l:i.bs Mr. d. 
(IjiALMiciiH MoirroN bop;n.n to nniko arrjMij^onicnl.:; ft»r 
ilu^ j)i:oj){ira(aon o£ a lilil.k^ Ibuidljook of Ap.riciulinro. 
for Lho UHo ol! Scdioola. l)ook bo dnurtMl wiio to 

bo siiniliu: to ilu^ “ luda’a \vbi(di a nharj) Iftd wonl<i 
iak(', lioino from i\, (umi’ia'. of liadairc'.H/* It wa:i in-' 
t(5ndc5(l fo bo tlu^ work of !;ov(a*n.l wi'itto’u, and Sl 
J. ik Tmw.I'IH wan ankod, a.nd nnd<a*l.ook, to (’.ontribute; 
tbo part ro.la.tin<:!f to tiui ao.icmtilu*. ap)ili(’atiou of 
nuuuiroH. in Nov(unb{a’, JH7H, Sir d. li, Ij.\wi-;h 
asktui nu'. to ta.ko bin pbuu) in writin;^ tbo clHmiioal 
part of tb(^ propoai^d book ; and 1)(^, at tln^ lia-nn^ tiim*, 
bandod ni(5 tin'. not(^H vvbicdi laid aIroa.dy jin’parod. 
My o.ontributioim W(U*<^ fiirdi printi’.d in “ 1'bo* Ay.ri- 
(ndtiiriil (bi./,(d.t(^/’ itnd appi’itrcal at irdii’TYuJn durinp 
IS7U”S(), dMu'. wtnrk bad tlnai |.;rown far bt\vond ibr’ 
liiuitn ori{(inally aMai|pnul, and waa bnally jaddinln^d in 
iHiSl n,H a H(^])arait(^ volnnun 

ddio (bumdatry of tla^ b’arm " ban doubled in ainn 
durin[.{ tb<^ Lw(nd.y**on(i ytaira tliat liavn^ tdapsod ainoi^ 
itn original publioaiioin ‘'blu^ alUiratioiin that have 
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been made for the present revision are very con- 
siderabJe, the largest changes being made in the 
sections relating to the nutrition of animals. These 
alterations have been rendered necessary by the pub¬ 
lication of the epoch-making investigations of Zuntz 
and Hagemann on the nutrition of the horse/ and 
of the equally important researches of Kellner, 
Kohler, and their associates, on the nutrition of the 
ox.* By these laborious researches many important 
problems have been solved, and a foundation laid on 
which a really accurate science of feeding may be 
constructed. 

In the new work of these German investigators, 
both the value of the food, and of the work which it 
undergoes, or accomplishes, is reckoned in units of 
heat. The fundamental facts established by their 
investigations have been brought together in a sepa¬ 
rate chapter (VII.). The discussions in this chapter, 
while introductory to much that follows, unavoidably 
assume a knowledge of some facts afterwards men¬ 
tioned ; students using the book will therefore do well 
to refer to this chapter several times in the course of 
their subsequent reading. 

The chapter on Dairy Chemistry has been consider¬ 
ably enlarged ; and here the writer has been indebted 
to the work of Mr. H. Droop, Biohmond, for much 
of the new matter which has been introduced. 

As this book is intended for the use of students, 


* tJnterBuoiiungeni liber den Stoffweohsel dea Pferdes bei Buhe und 
Arbeit, you N. Zuntz und 0. Hagemann, Berlin, 1898. 

* Unterauohungen ttbex den Sto£E-und-Bnergie-XJmsatz, dea erwaoh, 
eenen Rindea bei Erbaltunga-und'Produktions-futter, von O. Kellner, 
Berlin, 1900. 
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V. 


no apology seems needed for the cross references which 
frequently appear ; their object is to enable the student 
to bring at once together all the scattered facts and 
statements bearing upon the subject under^discussion. 
The metric system has been employed to some 
extent, as well as the ordinary English wMghts and 
ineasures. The former has been used chiefly for the 
expression of scientific ideas, the latter for practical 
purposes. 

^ It is undoubtedly true that as science advances it - 
becomes more complicated, and less capable of appre- ; 
ciation by the general reader. The modern student • 
needs a more thorough training than one of bygone . 
years, if he is to be able to grasp and put to practical 
use the new facts and ideas which scientific investi- i 
gations are continually bringing forward. Agricultural 
education must proceed side by side with scientific 
research, if the latter is to be turned to any practical 
use by the farmer. 

B. WAEINGTON. 


Haupenden, 

September, 1902. 
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CHEMISTEY OP TUB FARM. 


OUAl’TlSE I. 

PLANT aUOWTII. 

The OomKiumb of Wato—Tba onmbiuailtlo obmcntH oE 

Yogatabb nmttior The prf>porili»n of aiili oujinbUiionk in vai'ioiiH 
parts of plants -Tho OHHontlal and non»osiitmtial olamonts of tlio 
ash—OomposlUou of a arop of grass. Fumtion of the Leaven, --- 
Asalmllabion of carbon from tlic air—Porraatton of vogutal>lo 
iubgtano©“«Plant rcspiratlan"-* The transpiration of water. Funo- 
Uon of the Boofi,—Absorption of ash oonstifeuonts from tho soil— 
Th@ icleofclvc power of plants“- Absarption of nibrogonous mabtor, 
Oo-c^m*aiive N%UriUm,«^B>Qot fungi—Tho organisms of leguminous 
tuborolos. DeBiination of Anh story of essential 

and non-oisoutial ash oonstituants—Variations in ash. duo to soil, 
manure, and season—Oomposltion of typical ashos. OmviinaHon, 
--Gonoral struoturo of soods—Tlie aondUlons andprocossos of bholr 
gemination, Plant plants—-Tho ordor in 

which plant eonstltuonts aro as»lmIlafc©d-«»Kxhaii8tIon of roots 
and stom during formation of good—Biennial and perennial 
plants—The storing up of food for a sooond season - Spring sap 
rioh in sngar. 

Thb first stop tovvai'cls a Icnowlofigo of plant chemistry 
must bo an acquaiutanco with tho matoriuls of which 
plants aro bxiilb up. 

Tlx« Oonutltuantfl of Platttfl.-»Tbe most abundant 
ingredient of a living plant is water. Many suoculonb 
vegetables, as turnips and lettuce, contain more tlmn 
90 per cent, of water. Timbor felled in the driest time 
Bolclom contains less than 40 xjor cent, of water. 
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If a branch of a tree is burnt, tlie greater part 
consumed and passes away in the form of gas Kut 
. there is left behind a small quantity of white ash. 
The same happens if any other part oiT’a'^plant is 
burnt. The constituents which form the dry matter 
of plants may be thus conveniently divided into twCM 
classes—the combustible and the incombustible. 

‘ The covihustible part of plants is made up of 
sjx chemical elemcifts — carbon, oxygen, hydrogen, 
nitrogen, and sulphur, with a little phosphorus; 
without these no plant is ever produced. Carbon 
generally forms about one-half of the dry combustible 
matter of plants. Nitrogen seldom exceeds 4 per 
cent, of the dry matter, and is generally present in 
much smaller amount. Sulphur and phosphorus are 
still smaller in quantity. The remainder is oxygen 
and hydrogen. : 

The carbon, hydrogen, and oiygen form the cellu- ' 
lose, lignin, pectin, gummy matters, starch, dextrin, 
sugar, fet, and vegetable acids which plants contain. 
The same elements united with nitrogen form the 
amides and alkaloids ; and further united with sulphur 
the still more important albuminoids, which are" 
essential constituents of all plants. Nuclein and 
lecithin also contain phosphorus. 

The mcq^nhujtible, or ash constituents, form gener¬ 
ally but a small part of the plant. The timber of 
freely-growing trees contains but 0*2—0'4 of asb con¬ 
stituents in 100 of dry matter. In seeds free from 
husk the ash is generally 2—5 per cent, of the dry 
matter. In the straw of cereals 4—7 per cent. In 
roots and tubers 4—8. per cent. In hay 6—9 per 
cent, It is in^ leayes, and especially old leaves, that 
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; tho greatest proportion of ash is found ; in the leaves 
of root crops the ash will amount to 10—25 per cent, 
o£ the dry matter. 

Tlio'iiicombiistiblo ash always contains six chemical 
elements-potasRiiun, magnesium, calcium, iron, phos¬ 
phorus and sulphur. Iron is present in only very 
small quantity. These six elements, though forming 
I a very small portion of tho plant, are indispensable to 
I its life. Hesidos the elements just named, an ash will 
generally contain sodium, silicon, and chlorine, with 
frequently manganese, and perhaps minute quantities 
of other clemonts. The supplementary elements just 
nairrod sometimes form a considerable portion of the 
ash; they are not, however, essential to plant life, 
though some of them discharge useful functions in 
the plant. 

The metals abovo-naincd occur in the plant as salts, 
being combined with phosphoric, nitric, sulphuric, 
and various vegetable acids, of which formic, acetic, 
oxalic, malic, tartaric, and citric acid are the most 
common. The metals are also frequently present as 
chlorides. Phosphorus occurs in the form of phos-’ 
plmtes, and to a small extent in organic combination. 
Bilicon is present as silica. Sulphur occurs partly as 
sulphates and partly as a constituent of albuminoids. 
In tho ash of plants tho bases of tho nitrates, and of, 
the salts of vogotahle acids, are found in the form ot 
carbonates. 

It is usual to spoali of tho combustihlo ingredients 
of a plant as organic, and of the iucomhustihle in- 
grodionts as inorgemio. This distinction is scarcely 
accurate, as those ash constituents which are indis¬ 
pensable parts of plants have, during the life of the 
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plant, as much right to be called ‘‘ organic ” as 
albumin or cellulose. 

In the following table will be found the average 
composition of a crop of meadow grass weigln'ng live 
tons when cut, and producing one and a lialf tons of 
hay; this will illustrate what has just been said as to 
the constituents of plants, rurthor iufonriation ns 
to the composition of crops will be found on pp, 14 
and 72. 

C01\[P0SITI0N OF A CROP OF MlilADOW GRASS. 


Water. 

Carbon. 

1,313 


. 

8,378 Ihs. 

Hydrogen 

Nitrogen 

144 

49 


- Coinbnsiihlc matter ,. 

2.613 Iba. 

Ox^’gcu and Sulphur.. 

1,105 




Potash .. 

56-3 




Soda. 

11-9 




Lime. 

23-1 




Magnesia 

ion 




Oxido of Iron .. 

•9 


Ash * • • • «» 


Phosphoric acid 

12-7 


209 lbs. 

Sulphuric acid 

10*8 




Chlorine 

1G2 




Silica .. 

57'5 




Sand, &o. 

4.5 

/ 




ToLal crop . 11,200 n).s. 

Plants obtain the elements of which they are built 
up partly from the soil and jpartly from the atmo- 
si^here. From the. soil they obtain by means of their 
roots all their ash constituents, all their sulphur and 
phosphorus, and, in most cases, Jiearly the wiiole of 
their nitrogen and water. From the atmosphere they 
obtain, through the instrumentality of their Icav(3S, the 
'v^bole, or nearly the whole, of their carbon. The 
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exceptions to tlioHO ffciieriil rules will bo noticotl 
pi'OBcutly. 

Piinction of tlio Loiivosi. I. Aimmtl,iti»n. _ 'Vhi^ 
Buiirec! (t£ vef'etaJ-Ut tau'lam in the ea.rlMiiiit! iieitl {•,a,a 
pi'euent in tiie iitiiioHplHU-o. (liU'lMUiie.^ iu'i.l aiul the 
(itlier ga^Hcs of the a.tiiiiiU|ihere |au;!i into tlio plant 
clii(hly through the ntoiiiartai ol, tins leaA'eu, tunl tue 
(lii-iMolvcd hy the cell nap; tlie earlionic a,ei(i is nvl.a.iiietl 
in priiatuHt ])i'opoi‘tion, as it in iiuieli iiiore. fuilnblt! in 
water tliuii the iiitropen and oxyj'eii whie.li make up 
the hulk of the atinouphere. 'I’he diuMolved eai’honii; 
acid is deconi|)OHed within the (vhhii'ophyll (a-lhi ttf the 
plaait under tin; inlliiema) of lipht, oxypyui bein>> rvolved, 
a,nd the eaa’hon lattained hy the plant. 'I'he eaahotiie 
a,eid lieine (,huH nanoved froni th(peell raip, it iM'eontea 
ca,))al)le of diiaadvin;! n. freah aiiiiply. All p,reen partii 
of a, iilant share in this power of dceoiupoian;; eari.oiiie 
ae.id, Init it is pre-eminently tins fum-.tion of the l.-aves. 
'I'he deeompofation of (airhonie, a.eid diaiu imt proe.-ed 
in dairkma;H, nr a,t a> very low tempera.ture. 'I'he rays 
of liftht must ae.tive in effeetino the diaaimporation are 
ilu' oran,",e--red r.iys j tie- pi'ta’in violet, aaul da.ili iid 
rays of the spee.trimi ha,ve laaireely any inlhienee, 
The rays of lipht ahsoriied hy the ppeen elilorophyil 
are,, in. 'fact, the ones which ae.eompli^ih tins ehemieal 
work. 

(kHMvinfrniiiiou o trkntiin jMUfl hy jdnntn 

(liirinfi;’ (lajylifjht in of IIm^ ul'Dinsbl. in 

iibininj! an ibtiiu)!i|ilu'rt^ [iiiiinhln In}* (Jhi vnhjiirniinfi nl 
lUiiiiiiUii. All niiiinn,! in Invitihinn innpirnn alnini pht rin 
iiir; it nxjbiri}}; air in wlnnli a. |)a,rli nl Um nxyrym Iniii 
launi r<‘|)hnuHl liy tairhniun, a.riti; tlin rniiuli, nl ajiinnil 
jii’o in UiUB tn {uaviinmlaifO (auininin a.<‘i<l in thn aiiun- 




6 


THE CHEMISTRY OE THE FARM 


sphere. Such accumulation would be injurious to the 
lieaUh of animals, but is prevented by the growth'of 
plants. It has been calculated that an acre of forest, 
producing auniialiy 5,755 lbs. of dry matter, will con¬ 
sume the carbonic acid produced by the respiration of 
15*4 men. 

Besides carbonic acid, plants are apparently capable 
of absorbing a small quantity of ammonia through 
their leaves. The uncombined nitrogen of the atmo¬ 
sphere is not, apparently, appropriated by the leaves 
of green plants. When rain occurs after severe 
drought, water may be taken up to some extent 
througli the leaves. 

riaiits which have no chlorophyll cells, and possess 
consecjuently no green colour, do not decompose car- 
hoihc acid. We have familiar examples of such plants 
in the broomrape and dodder of our clover fields, and 
in the common fungi. The broomrape and dodder are 
fed by the juices of the plants on which they live as 
parasites. The fungi derive their carbon from the 
decayed vegetable matter in the soil. 

2. Formation of Organic Matter ,—The oxygen gas 
given off by a green plant exposed to light is so nearly 
equal in volume to the carbonic acid decomposed, that 
apparently the whole of the oxygen contained in the 
carbonic acid is returned to the atmosphere; the re¬ 
action is, however, really more complicated, as water 
is probably decomposed at the same time as the car¬ 
bonic acid. 

The exact nature of the reaction which takes place 
'when carbonic acid is decomposed in the chlorophyll 
cell is still unknown. It is probable that formalde¬ 
hyde is first produced, according to the following 
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CO^ + I-IoO-CH^O+Og. 

From formaldeliyde glucose might be derived by a 
simple process of condeiisation— 

Tlie formation of carholujdrates in the plant is 
plainly dopendent on the presence of nitrogenous 
matter, phosphates, potash, and the other essential 
ingredients of plant food ; a plant poorly provided with 
these substances produces only a small quantity of 
carhol)ydrates, however much it he exposed to light. 
The foLTnation of carbohydrates is therefore regarded 
))y some as due to a splitting up of the nitrogenous 
p)rotoplasm, the nitrogenous residue left combining 
with formaldehyde, and thus reconstituting the original 
nitrogenous matter. 

Cane sugar (CiaHogOu) and starch (C^H^oOg) are 
among the earliest products; by en^^ymes these are 
converted respectively into glucose (GgHioO^j) and 
maltose {GyJJofin), for the nourisliinent of distant 
parts of the plant, to which they are conveyed by the 
movement of the sap. In parts where growth is taking 
place, and new colls are being formed, the sugar of the 
sap is converted into cellulose, the siihstancc which 
forms the cell walls, and of which the wliole skeleton 
ol; the plant primarily consists. In seeds, roots, and 
(iihers, where inattcr is to bo stored up for future use, 
the glucose is generally again converted into starch or 
cane sugar. The transformation of these substances 
pn‘sents no chemical difficulties, as all of them are 
carboliydrates—that is, they are composed of carbon 
and the elements of water. 

Tlie mode in which albiimbwids are formed in tlje 
plant is not certainly known; possibly the nitrates 
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taken np by the roots ai:o converted into ammonia, 
tlie ammonia into ainidos, and the amides filially into 
albinuinoids. 

TJie fatlu matter o[ a plant may be formed from 
carbohydrates; or possibly from the splitting up of 
albuminoids. 

vegelahh acUh in a plant arc probably formed 
by oxidation; most likely by the oxidation of some of 
the carbohydrates. 

3. Bcsjriration .—We have just referred to oxidation 
as taking place in tlie plant. This is always going on 
in the interior during life, and as a result tlie plant is 
contiinudly consuming a small quantity of oxygon, and 
giving out a small quantity of carbonic acid, an opera¬ 
tion p 2 ;ecisc]y similar to animal respiration. In the 
case of a green plant, this action is not readily per¬ 
ceived daring the daytime, being bidckui by tl.ie opposite 
action of the chlorophyll cells, wbicli absorl) carbonic 
acid and evolve oxygon. If a plant is placed in dark¬ 
ness the respiratory action becomes manifest. The 
oxidation of matters already formed is an important 
means for the production of now Ixidies. 

Plants desLitiito of cliloropliyll boliavc, as a rule, 
like animals; tlioy coiisluug iniicli oxygen and give 
out carbonic acid. 

4. Trans 2 )iration .—While some evaporation of water 
■will occur through the cuticle of yoinjg plants, tlie 
t]'anspiration of water vapour cliieily takes place 
tliroiigli small openings, known as stonuita, which arc 
generally most ahimdant on the imdersldo of the 
leaves. These stomata open widely when tlie plant is 
well supplied witli water, and (dose nioi-c‘ or less com¬ 
pletely during drouglit; the rate of oviipoi'ation is tlius 
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naturally ro^ailatad. 'I’m.iisipiratinn i.akr:; |>l!ir.r, (‘.hirfly 
in it will o(uair ahiindanl.ly in an 

Ha,(.m'a{i('d witli wa.t{U’, iC tiu' plan!. 1 h‘, imly (‘xpoMnl (o 
HiinshiiKx [V\\i\ amount of wa.ii*r ova.poraii'il from tho 
fatrla-cai of Mj f(rowi/4( plant ia very Iim-'m*. Ijand tlja.t 
lia<ii la.t<‘.ly horiu^ a oroj) in alvva.yH muuh ilrior than a 
l)air<) fa,How (p. 27). 

''.riu^ roHuItu of tra.ns))irn,tion n,n’ moat !mporta,nt, ilm 
ova,])oraytion of wa,t(!r f)‘om tbo loa,voi; hoin;; a. pi'inrip;il 
(auis(‘, of tlu^ of tlio ,sa.p, a,ml the. (!ona(‘([iu‘nt <lra,\\ mp, 
lip of waU‘.r froju ih{‘ noil uontaijn’n;^ jdant Tof^l in 
eolutiom 

rtiiiction of the Koots. '’I’lii’. rooU; <jf a< )j|a.nt an* tin* 
orfpuis by wliiuJi itaJ)SorbH wa.tor from t!m noil, and \sith 
iliiH wato.r a va-ritd.y of food nubatama*}? aia*. i(itr(Mlm’(‘d. 

1. Asfiimibdtan a/ Anh (Janali/ut'nls,’ ddin rootii tiilvo. 
np tlui Holubl(! HfiJt.s, and, imlnod, aJl tlm diffnaihlt^ .nulo 
Rta,n(U‘.u (tlioiu^ (‘.a.paJ)l<M)f pa,s:iin‘( thnjiipji a m(*inbra,iio) 
wl)i(d) aaa', ])rrf;c.nt in ilui water wbinb they djviw IVoju 
tlu*. noil, d'lu^ pla.nt will thur. fr('([iMud.iy roreivc. more 
of Koiiu'. f;ubstaiuu‘.K tluui is tudaially roquiiaal for its 
nutrition. 

WUa. fo(‘dinn* powu'.r of roots is lud., li(»W(*ver, ronfmed 
to ilu5 i,a.kin«( up of r(*a,dy-forjmal aolutioUH, tlupy as'o 
mJho (‘.a,paJ)h'. of a,ttn.(dvinp' Home. lA' tln^ radid inpn‘(lionis 
of tli(5 soil, vvbiob they r(SH!{‘r soluble and then appro- 
])i'ia,t(‘.. d’Ids importa.nt n,(*.tion of roid.ii cxiid-s in diflVrent 
doeix'oH in diffoi’ont idnaits. ddio jintion takes p!n,(‘e 
only at tlu', points of e^onta.r.t betw<‘en the mot hairs 
and tlu^ pa,rti(de.s of tin* };oil, and is broiipjit iihoiit by 
the. a.cud .sa.p whi<di tlu^ roots <’(mtfun. H'liis aelinii of 
th(^ roots phiys a.n imjiorta.nt part in the .sipply td‘ 
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phosphoric acid and potash to the plant, as these sub¬ 
stances, especially the former of them, exist in the soil 
in ditlicultly soluble forms, and are present in very 
small quantity in the water contained in soils. 

An apparently selective powder is exerted by plants, 
some soluble ash constituents being taken up in much 
larger quantity than others, which may actually be more 
abundant in the soil. A striking example of this is the 
assimilation of potassium in preference to sodium salts. 
This selective action of the roots is quite explainable 
by the known laws of diffusion. When ingredients of 
the sap are removed out of solution by becoming pai’t 
of the tissues of the plant, the diffusion of such sub¬ 
stances from the soil will continue; while salts not 
appropriated by the tissues can continue to enter by 
diffusion only so long as the solution in the soil is 
stronger than that in the plant. 

2. Assimilation of Nitrogen ,—Besides furnishing the 
plant with its ash constituents, the root has the impor¬ 
tant function of supplying nitrogen; this is nearly 
always taken up in the form of nitrates. A plant is 
capable of making use of nitrogen in the form of nitric 
acid or ammonia; it is also, according to several 
experimenters, able to assimilate nitrogen when in the 
form of urea, uric and hippuric acids, and several 
other amide bodies. The facility, however, with which 
ammonia and amide bodies are converted into nitric 
acid in the soil is so great that nitrates become by far 
the most important source of nitrogen at a plant’s 
disposal. In the case of soils very rich in organic 
matter, as peat bogs and some forest soils, nitrates 
may be entirely absent; in these eases ammonia, or 



CO-OPERATIVE NUTRITION 11 

soluble nitrogenous organic compounds, must furnish 
the supply of nitrogen to the roots. 

The parasitic plants, already referred to, feed on the 
niti’ogonous compounds contained in the sap of the 
host plant. Fungi attack organic matter, living or 
dead, and obtain from it both their nitrogen and 
carbon. 

Co-operative Nutrition.— In some cases the feeding 
power of roots is modified to a very considerable extent 
by tlioir union with another vegetable organism. Thus 
cnrtaiji trees (as oak, beech, hazel, chestnut, willow 
and pine), heaths and orchids, growing on a soil rich 
in liunius, may possess no root hairs, but have their 
roots covered by a fungus, the hypbm of which peiie- 
trato the root. This root fungus {imjcorhiza) feeds on 
tlie decaying vegetable matter of the soil and nourishes 
the tree with the material which it has prepared. 

Another remarkablo instance is afforded by legumin¬ 
ous plants. All species olimpilionacecG have tubercles 
on ilieir roots, unless the plant has been grown from 
seed in a sterilised soil. These tubercles are occasioned 
by tl)G invasion of an organism, having the characters 
of a bacterium, present in the soil. When the seeds 
of peas, lu])ias, or vetches are sown in sterilised sand, 
containing the necessary ash constituents of plants, 
l)iit no nitrogen, only a small, dwarfed growth is 
ohLainod, and tlie roots are not furnished with tuber¬ 
cles. If, liowevcr, a minute quantity of ordinary soil 
is added, tul)crcles appear on the roots, and the plant 
now grows vigorously. At the end of the experiment 
it is found that the quantity of nitrogen in the crop is 
far greater where tubercles have been formed than 
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where they are absent; indeed, in the former case, the 
quantify of nitrogen in the crop and sand at harvest 
much exceeds that originally present in the sand, seed, 
and added soil. Tliis gain of nitrogen has been derived 
from the free nitrogen of the atmosphere. These facts 
supply a muchmeeded explanation of the remarkable 
power of assimilating nitrogen possessed by leguminous 
plants* 

When two organisms grow together for their mutual 
advantage, the case is said to be one of symbiosis, or 
joint life. 

Destination of the Ash Constituents. —The very weak 
solutions taken up by the roots are concentrated in 
the upper parts of the plant, tlie water being rapidly 
evaporated by the leaves, as already inentioncd. The 
essential ash constituents arc employed in the forma¬ 
tion of new tissues, and are stored up in the seed. 
The non-essential ash constituents which have been 
taken up by the roots are partly dispcjsed of in a solid 
form as a permanent incrustation of tlie ohhn* tissues. 
The solul)lc salts wliieh arc not otherwise disposed of 
at first accinnulate in the sap : they are linally more 
or less rcniovod from straw, and probably from other 
old tissues, by the washing effect of rain. 

The deposition of silica upon the external tissues of 
wheat, barley, and other graminaceous plants is a 
familiar example of tlio excretion of a ]i.on-essoutial 
ash constituent. Silica is also ahuiidant in the old 
leaves, and in tlio outer baric of many trees, and is 
commonly found as an ineriisting constituent of 
old tissuoR. Insoluble calcium salts, frequently the 
oxalate, are also deposited as morusting matters in 
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old tissues. These incrustations are indirectly of 
service to the plant, as they tend to harden the 
tissues, and thius protect them from injury. 

It is in succulent crops, as meadow grass, clover, 
and mangels, that we find the greatest variation in 
the atnounl. and composition of the ash, depending on 
Viii'iiitions in the character of the soil, the manure, and 
season. Bimilar variations will be observed in the ash 
constituents of the straw of grain crops. In such 
plants, or parts of plants, we find very variable 
quantities of soluble sodium and potassium salts, 
depending on the abundance of these in the soil. 
Tile amount of liine present is also largely dependent 
on the composition of the soil. In clover hay, and bean 
straw, lime or potash will preponderate in the ash 
according to the character of the soil on which the crop 
grows. 

Of the particular action of the ash constituents 
within the plant little is known. Phosphoric acid and 
potash arc undoubtedly the most important of the 
ash constituents; they are always found concentrated 
in those parts of the plant where cell growth is most 
active—as, for instance, in a growing bud, or in the 
growing layer (camhium) between the wood and bark 
of a tree ; they are also abundantly stored up in the 
seed, as a provision for a new generation. 

Bilica being the most abundant ash constituent of 
wheat, barley, oats, and other graminaceous plants, 
•was long suppo.sed to be essential for their growth, and 
to be the ingredient on which the stiffness of their 
straw chiefly depended. It has been shown, however, 
that maine and oats may be successfully grown without 
any supply of silica, and with no perceptible difference 
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as to Uie stifCnoss of tlio stem. '^rii<‘< oil 

poat bof^H also contains scan*.{‘ly any silic.ii, ilion;’h 
silica is aliimdiinf; in ofdin;i,ry Ini.y Sili^^•l. nni.y, how¬ 
ever, (liscliari^c useful funcLions. In Wolff’s (‘xperi- 
iruints, altliou^ii tlio ])i*(’seiico of silica made lifllo 
diirorcrnui in the wis'^ht of tlie oat plant, it consider¬ 
ably increased tbe proportion of (*-orn. 

The coinposition (d; a fc!W typi(%'i.l aslu-.s will bii 
found in the followin^^ taJdm i‘»y “pure ash” is 
understood the asli minus cliarcoiiJ, saml, and carhonics 
acid. The ash of h'giiuiiiious plants is especially rich 
in carbonates. 
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OttmlBAtloa.—A sood ii oonskaoted with the pur- '• 
po«e of developing a young plant. It contain# the 
•‘embryo,’’ or germ, which is always extremely rich 
In ftlbuminoids, fat, phosphates, and potash. _ It also 
contains a store of concentrated plant food, intended ^ 
to nourish the young plant till its root and loaf aref*' ^ 
dovofoptni. In some seeds, as those of beans andU 
tnrnipH, this store of food is ohielly located in the 
•' (Hitylodons," or rudimentary leaves; in other seeds, >, , 
an tlHtsc of the ooroals, there is a rosorve of food 
ottkide the otnhryo, in the " endosperm.” In the ; 
wiwls of the cereals, and of many other plants, the 
chief ingredient of the reserve matter is starch. 
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Another class of seeds, of wliich linseed and innstard- 
seed are exaniples, contains no starch, but in its place 
a large quantity of fat. 

Tor gerinination to take place, moisture, oxygen, 
and a suitable temperature are necessary. Some seeds 
will slowly germinate below 40^^ Fahr.; the quickest 
germination usually occurs between G0° and 80'^. 
Under favourable conditions the seed swells, oxygen 
is absorbed, a part of the carbonaceous ingredients is 
oxidised, heat is developed, and carbonic acid evolved. 
Daring these changes the solid ingredients of the seed 
gradually become soluble. The starch and fat yield 
sugar. The albuminoids are converted into peptones 
and amides — as, for instance, asparagine. These 
changes are principally accomplished by the agency 
of ferments (enzymes) contained in the seed. With 
the soluble food thus formed the radicle and plumule 
are nourished. They rai)idly increase in size, cjnerge 
through the coats of the seed, and, if the external 
conditions are suitable, soon commenco their separate 
functions as root and leaf. The process of germina¬ 
tion may be easily studied in the ordinary operation 
of malting barley. 

Seeds buried too deeply in the soil may not ger¬ 
minate for lack of oxygen. Or, if germination takes 
place, the plumule may fail to reach the surface, the 
store of food in the seed being exhausted before the 
soil is penetrated and daylight reached. The smaller 
the seed the less should be the depth of earth with 
which it is covered. 


riant Development.— The development of the plant 
after germination follows a regular coarse. With an 
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awnual, which proclucos seed and dies during the first 
scasDi), wo have first a groat dcvolopment of root and 
loiif, which colI(H;t and prepare materials for growth; 
next (ionics the forniatioii of a flower stem; and 
liiistly, the iniodiiotion of flower and seed ; after which 
the plant die.s. 

'I’he materials fiirnislmd by the root preponderate 
in tlie young )>laiit, which is always extremely rich 
in nitrogen and ash constituents; but as the plant 
matures the propoidion of carbon compounds derived 
from tlie action of the leaves steadily increases. A 
(KS'eal crop (iontains at the time of full bloom nearly 
all the nitrogen and jinta.sh which i.s found in the 
mature crop; Urn assimilation of pbospboric acid con- 
tiniies somewhat later; the increase of carbon and 
silicii. proceeds as long as the plant is in a green state. 

When seed formation In^gins, an exhaustion of the 
oilier pai’Ls of tim plant sets in; starch, albuminuids, 
phosphorie acid, and potash are transferred from tlie 
j-oot, leaf, ii,ud stem, and stored up in the seed. If 
the season is a good one, and the development of the 
soed fully aeeoniplisliod, the straw of a cereal crop will 
he foimd at liarvost to be very tlioroiighly exhausted; 
while in sea.son,s of liim'tod production or doiiei(3nt 
maturity of grain, the straw will retain far morn of 
the. materials ll.(•.((nire.d during growth. Ifor the same 
reason straw cut while the crop is still gi’ceu is far 
more nutritive than wlieii pH'.rfect ripeness of the sisid 
lias heen ii.ttained. 

Wilili a hir.iinutl or pcrennwl crop the case is some¬ 
what different. 'I.'ho first develojmient of root and 
leaf is the same as in an annual ; bid; towards the end 
of the summer tliere i.s a Btoring up of concentrated 
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plant food in the root, tuber, or stem, to serve for the 
commencement of growth in the following spring. 
In a biennial root crop—the turnip, for instance—the 
root attains a great size in autumn, the leaves dying 
after transferring to the root their most important 
constituents. The next season the root throws up a 
flowering stem, and the store of matter accumulated 
during the preceding autumn is consumed in the pro¬ 
duction of seed. With the production of seed the 
root is exhausted, and the plant dies. 

In trees plant food is stored up at the end of 
summer in the pith, the pith rays, and in the layer 
between the wood and bark. The leaves which fall in 
autumn have lost nearly all their starch, albuminoids, 
phosphoric acid, and potash, these having been trans¬ 
ferred to the stem. By the action of the sun in 
spring-time the new buds swell, the sap rises, the 
starch and other matters deposited in the wood during 
the previous autumn are redissolved, and employed for 
the production of new growths. The sugar found in 
maple sap in spring-time results from the transforma¬ 
tion of starch stored up in the preceding autumn. 
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T1i6 oompoaltion -Tho oarbtmlo anld, amm»inla and 
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Absorption of bases and aoids -Xu/luouoo of tillage and dmiuing - 
Olay bui-nlng, 

The Atmosphere.-0no hundred vohutics of air con¬ 
tain nearly 78 of nitratjen and 21 of Qj^ytjm, with 1 of 
argon and other gases. 

The free nitrogen of tho atmospheres is apparently 
made available to legiuninoua crops through their root 
tubercloB (p. 11); it may also ho assiruilaLod liy eor- 
tain low orgauisma in the soil under special cmiditiunH. 

Wo have already stated that tho wholes of tins essLrlion 
of plants is obtained from the carbonic acid presseut in 
the atmosphere; 10,000 voluiisos of air coistain iieiitiy 
8 volumes of carhonio acid, or about 1 lb. in 1,057 
cubic yards of air. An aesre of a good wheat crop will 
obtain from the atniesphere in four moisths I ton of 
carbon—-a quantity corresponding to a column of air 
8 jniles in height. Tho small amount of carhonio 
aoid in the atmosphere is made sunioiont by the action 
of winds, whioh bring an enormous quantity of air in 
contact with both soil and plant. 
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The atmosphere also contains a very small and 
variable quantity of ammonia, Schloesing found near 
Paris an average of 1 lb. of ammonia in 26,000,000 
cubic yards of air. Miintz and Aabin found at 
the top of the Pic du Midi 1 lb. of ammonia in 
44,000,000 cubic yards. According to Schloesing, the 
quantity is greatest in warm southerly winds. The 
ammonia of the air is directly absorbed by plants to a 
small extent; it is chiefly rendered available through 
absorption by the soil, and by means of rain, which 
brings it in solution to the earth. 

The atmosphere also furnishes a small amount of 
nitrous and nitric acid. The nitrogen and oxygen of 
the atmosphere combine under the influence of electric 
discharges, nitrous acid being formed; this is con¬ 
verted into nitric acid by the action of ozone, or 
peroxide of hydrogen. Nitric acid may also be formed 
in the atmosphere by the oxidation of ammonia by 
ozone and peroxide of hydrogen. 

The amount of nitrogen in the form of ammonia and 
nitric acid annually carried to the soil by raiuy varies 
in different years and places. At Eothamsted, in Hert¬ 
fordshire, the amount of nitrogen as ammonia in the 
rain, mean of eighteen years, is 2‘6 lbs. per acre ; the 
nitrogen as nitrates and nitrites about IT lbs.; the 
organic nitrogen a nearly similar quantity. The total 
nitrogen is about 4*7 lbs. per acre.^ In tropical rain 
the proportion of nitrogen as nitrates is generally in¬ 
creased, while the ammonia is diminished. The total 
nitrogen found in the rain in New Zealand, Barbadoes, 


^ The vQiiu includes the auQW, hftil, and dew deposited o» tUe raia« 
gauge, 
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British Guiana, and Madras does not exceed that 
found at Eothamsted. The amount of nitrogen is 
considerably larger in rain collected near towns. 

Chlorides are always present in rain, especially in 
the neighbourhood of the sea. At Georgetown, British 
Guiana, the chlorides in the rain are equal, on an 
average, to about 186 lbs. of common salt per acre 
per annum; at Cirencester they amount to about 
36 lbs.; at Eotbamsted the quantity is about 24 lbs. 

The sulphates found in the rain at Eothamsted, mean 
of five years, correspond to about 17 lbs. of sulphuric 
anhydride per acre, yearly. 

The quantity of chlorides in the rain at Eothamsted 
is apparently sufficient for the crops on the farm, 
mangels possibly excepted. The sulphates will also, 
to a considerable extent, meet the demands of most 
cultivated crops. 

The Soil. —1. Physical Constituents .—If a soil con¬ 
sisted of spherical particles, all of the same size, the 
empty spaces between these particles would amount to 
about 47 per cent, of the volume with the loosest 
packing, and to nearly 26 per cent, with the closest 
packing. The total empty space would be the same 
whatever the size of the particles. If the interspaces 
with the closest packing v/ere occupied by another set 
of smaller spheres they would be reduced to 6*7‘per 
cent, of the volume. If this process was again repeated 
they would become 1‘7 per cent. With loose packing 
the proportion of interspace would, in all cases, be 
much larger. 

In a natural soil the particles are of very various 
sizes, and of irregular shape; the first condition lends 
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to diminisb. the proportion of interspace, the latter to 
increase it. Some of the particles of a soil are them¬ 
selves porous, as particles of humus and limestone, 
and aggregates of smaller masses; this condition 
may considerably increase the volume of interstices. 

The total surface presented by a mass of spherical 
particles doubles when their diameter is halved. The 
internal surface of a soil is thus much greater when 
it is made up of fine constituents; it is also in¬ 
creased when the particles are themselves porous. 
Upon the proportion of the interstices, and upon the 
amount of surface presented by the particles, the 
physical properties of a soil and its fertility largely 
depend. 

'Stj'mechanical analysis the constituents of soil may 
be separated into groups of definite sizes; the coarser 
particles are separated by means of sieves, the finer by 
means of currents of water of different velocity. The 
finest particles in soil are those of pure clay, which 
remain permanently suspended in distilled water. 
Next to these come silt and sand of very varying 
degrees of fineness, and often very different chemical 
composition. The still coarser particles are grit, 
gravel and stones. The physical character of a soil 
depends in great measure on the prevailing size of its 
particles. 

2. Tenacity of Soil ,—The coarser elements of soil, 
including the fine sand, exhibit little cohesion;, the 
tenacity of a heavy soil is due to the fine silt and clay. 
Olay owes its cementing power to the presence of a 
small quantity of a bydxa ted coll oid (jelly-like) body, 
rarely, according to Schlcesing, exceeding 1*6 per cent. 
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of the clay. The remainder of the clay is made up of 
extremely fine, solid particles. Olay has, in fact, a 
constitution similar to that of common putty. In the 
purest natural clays the whole of the constituents 
have the same general chemical composition (hydrated 
silicate of aluminium), but in soils the non-colloid con¬ 
stituents of the clay may bo of very various nature. 
I In brick earth this matter is quartz sand; in marl 
j ft is carbonate of calcium. 

The condition of clay soils depends much on whothor 
the clay is coagulated or not. When the clay is un- 
coagulatod the soil is sticky, impervious to water, and 
cannot bo reduced to a ruio tilth. When the clay is 
coagulated the soil has a granular structure, is per¬ 
vious to water, and can be reduced to powder. Olay 
is effectually coagulated by frost, which by removing 
the water from the colloid cemont causes it to shrink. 
It is also coagulated by lime, and by many salts, 
and especially by salts of calcium. Colloid clay will 
remain permanently suspended in distilled water; it 
is precipitated on the addition of a small quantity of 
a calcium salt. An application of obalk or lime to 
clay soils is well known to bo extremely effective in 
diminishing their tenacity, rendering them pervious 
to water, and more oasy of tillage. 

In cultivated sandy soils humatos are often of great 
value as oomonting materials ; those, like true clay, are 
colloid bodies. Bchlmsiug found that 1 per oout. of 
humic acid, in the form of calcium huniato, was as 
effective as a ocsinent for sand as the prosonco of 11 per 
cent, of a fat clay. Humatos, howover, lose their 
oetaenting properties on drying, while clay does not. 
The improvomoiit of the texture of sandy soils by the 
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continued use of farmyard manure, or by the plough¬ 
ing in of green crops, is a fact familiar to the farmer, 
“^^^ile humus increases the coherence of sand, it has a 
I contrary effect on clay, and the ploughing in of long 
idung is one of the most effectual means of lightening 
t’a heavy soil. 

In some sandy soils hydra ted ferric nx jd e acts as a ce¬ 
menting material Calcium carbonate will also tend to 
increase the coherence of sand. Well-cultivated mixed 
soils (loams) consist largely of compound particles, made 
up of various constituents held together by cementing 
materials; these coarse porous particles are highly 
favourable to a good physical condition of the soil. 

3. Belations to Water ,—In a natural soil consisting 
of solid particles of fai rly uniform size , the interspaces 
are about 40 per cent, of the volume, whether the par¬ 
ticles are large or small; but if the particl es are a mix¬ 
ture of large and small (as gravel and sand) the volume 
of the interspaces is much reduced. On the other 
Hand, if the par ticles are themselves porou s, as in the 
case of chalk, doam, and especially of humus, the 
volume of the interspaces is much increased. It is 
this volume of the interspaces which determines the 
amount of water which a soil will contain when per¬ 
fectly saturated, or the amount of air which it will 
contain when dry. 

The influence of humus on the capacity of a soil for 
water is remarkable. The surface soil of the wheat- 
field at Eothamsted was sampled in January, 1809, 
when saturated with water : the unmanured land con¬ 
tained in the first six inches 29*9 of water per 100 of 
dry soil; the land manured with farmyard manure for 
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twenty-six years contained at the eoino tijno GO'2 of 
water per 100 of dry soil. 

Farm crops will not grow in a soil permatuuitly 
saturated with water, and from which air is ootiHO- 
qiumtiy excluded; the most luxuriant growth is 
obtained in soils ono-hivlf or two-thirds saturated. 

A surface soil is seldom saturated, save immixliately 
after heavy rain; it is tlio quantity of water which a 
soil will retain when fully draiued which determines 
its capacity for supplying a crop with water. Tho 
amount of water ponnanontly retained by a soil is not 
determined by tho volume of the interspaces, hut by 
the extent of internal surfaoo, tho water bOing held 
by adhesion, on tho surfaces of tho particles; the 
smaller, therefore, are the particles of tho soil, or tho 
more porous, tho greater is tho amount of water 
retained. Two speoimons of powdered quartz, one 
coarse, tho other very rum, held wlien fully Hatiu'atfsd 
more than 40 per coJit. their volume of water; hut 
when drained, the coarse quartz retained only 7‘U |ier 
cent., and tho very fine quartz 44'(5 p(tr cent, of water; 
the latter lost, in fact, no water by drainage. 

Tho soils retaining least water when drained are 
gravel and coarse sand. Tlio amount retained in- 
oroasos as tho partielos hoemue smaller. Tho presonca 
of colloid bodies, as clay, humio acid and Immatos, 
increases tho power of rotaiiiing water, as such bodies 
swell up when wetted and hold tho water in a jelly- 
liko substance. Tho addition of luiinus to soils is 
thus one of the host moans of inensasing tlioir power 
of retaining water. 

The surfaoo soil may he supplied with water from 
below if a saturated subsoil oxists at a moderate dis- 
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tance; such water is said to be raised by capillary 
action, which is simply a ruanifestation of the attrac¬ 
tion for water exerted by the surfaces of soil particles. 

I The finer are the particles of the soil, and the closer 
they are packed, the greater will be the height to 
which water will be carried by capillary action. The 
quantity of water reaching the surface diminishes, 
however, rapidly as the distance it has to travel in¬ 
creases. The quantity of water raised also diminishes 
[when the fineness of the particles exceeds a certain 
I point. It is not always the soil with the finest par¬ 
ticles which brings most water to the surface. For 
every distance between the water-level and the surface 
there is a certain degree of fineness of the soil particles 
which will act most effectively. Capillary action is 
seldom able to maintain a sufficient supply of water 
at the surface. At Wisconsin crops suffer from 
drought, though a permanent water supply exists five 
feet below the surface. Capillary action is most 
effective in the case of silty soils ; such soils, having 
been deposited from running water, consist of very 
fine uniform particles, but without any true clay. 

The average annual evaporation from a water surface 
in the neighbourhood of London amounts to 20*6 
inches, according to Greaves; the maximum monthly 
evaporation of 3*4 inches occurs in July, the minimum 
of 0*5 inches in December, The evaporation from a 
saturated soil is greater than from a water surface; 
as the soil dries the rate of evaporation rapidly 
diminishes. The average annual evaporation from a 
bare loam at Eothamsted is about 17 inches. Soils 
of various character evaporate equal amounts while 
saturated, hut exhibit great differences as drying pro* 
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coQcls. It is tlio soil with coarscsst partiolos and loosest 
toxturo which dnos quickest and to the {j[imtoat depth.' 
Deep tillage must thorofoca bo avoidod in early stuunior, 
if the land is iiitendod to carry a crop. 

The gmatost evaporation taUos place from soil when f 
it grows a crop. The water in a barley soil, and in an 
adjoining bare fallow, was detorminod at llothaniHttid 
at the end of Juno, during the drought of 1H70. It 
was found that down to fifty-four inches below the 
surface the barley soil oontainod nine inohes hms water 
than the soil under bare fallow. Tlio injurious effect t 
of weeds in sumiuor-timo is largely duo to their robbing 1 
the soil of water. 

Evaporation from the soil is dhniniBhod by protec¬ 
tion from sun and wind. Stones lying on the surface 
act favourably in this direction. A crop shfuliiig the i 
ground may keep the surface moist, while it is greatly 
increasing the loss of water from tho subsoil. Econmny 
of water is best offootod by muloliing with straw. 
Keeping the surface stirred to the depth of an inch or 
two, thus providing a mulching of loose, dry soil, is an 
excollont plan, and forms a fundamental part of suc¬ 
cessful cultivation in hot climates. 

A perfectly dry soil has tho power of taking up a 
small amount of water from moist ait; this power is 
known as It is possessed scarcely at 

all by sand, to a greater extent by clay, ospsoially 
ferr ugino us clays, and in tho largest degree by humus. 


’In a long drought o. grtinbar amount o( wator may Anally ba 

evapombod from ^ oonaolidabod m\\ ol dim paetlolo^^ tawing k) 
gCQato sbor© of wafcor proiorib, and tho movomont of fchl« toward bh® 
lurfftoo ; bub for a long time @uaU a «oU will romalu molite ab feht 
prfaoo than a soil of span 
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Water thus absorbed is too firmly held So be of use 
to crops, but in hot climates the evaporation of this 
^ hygroscopic water during the day lowers the tempera- 
^ture of the soil, and saves the crop from scorching 
(Hilgard), Soils may condense considerable amounts 
of w^ater from the air when the temperature of the 
surface falls below the dew point. 

A characteristically dry soil is one of coarse, non- 
porous particles, and loose texture—a gravel or coarse 
sand for example. Such a soil holds little water, and 
evaporates it freely. If the subsoil is one of free drain¬ 
age the evil is at its worst. With dry soils the fanner 
should aim at incr easing the amount of h umus ; crops 
;;should be s own ear ly, and the land k ept c lean and 
solid; very shallow summer cultivation should be 
resorted to. Such land has a few distinct advantages. 
It furnishes the ea rliest crons to market_g[ardeners, the 
Boil being easily warmed. A l ittle rai n w ill also w et 
it to a considerable depth, and the wh ole of the w ater 
it contains is available for plants. 

A soil is seldom too wet because it has too great a 
power of holding water when drained, the mischief is 
generally owing to want of drainage; the cure is there¬ 
fore to be found in deep tillage and draining. Clay 
burning, applications of lime and chalk, or an increase 
in the proportion of humus, may, in special cases, be 
effective means for rendering the surface soil more 
pervious to water. 

The wettest soil does not always supply the largest 
amount of water to a crop. A peaty soil holds most 
"water, hut much is not available to plants, being com¬ 
bined- with cohoid matter. A stiff clay fails in drought,! 
Ihie water being firmly held and mov^ with difiSLCultyi 
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Soils composed of silt, or extremely fine sand, are 
those which yield water most effectually to a growing 
crop.. 

4. Belations to Heat ,—The sources of heat to a soil 
are solar radiation and chemical action. The oxida¬ 
tion of organic matter in a soil will undoubtedly raise 
its temperature, but the effect is generally too small to 
be appreciable, At Tokio 40 tons of farmyard manure 
per acre were incorporated with the soil to a depth of 
one foot. During the next twenty days the average 
temperature of this soil was 2°‘3 higher than that of 
unmanured soil; during the next five days the excess 
of temperature was only 0° *8. Chemical action isfl 
most vigorous during the summer months. 

Both the amount of heat received from the sun and 
the amount of heat which the soil loses by radiation 
are largely influenced by the degree of transparency of 
the atmosphere. The greatest extremes both of heat 
and cold occur with a clear sky and dry air; in a 
cloudy, moist climate, the variations in temperature 
are comparatively small. 

The heating effect of the sun is largely determined 
by the angle at which its rays strike the earfch ; it is 
greatest when these rays are perpendicular to the 
surface. The different power of the sun’s rays- at 
sunrise and at mid-day is familiar to all. At sunrise 
the solar radiation is weakened by diffusion over a 
wide area, and its intensity is further diminished by 
excessive atmospheric absorption. At mid-daj^ the 
illumination has reached its maximum, and the sun’s 
rays also pass through a minimum thickness of the 
atmosphere. The difference in the angle of incidence 

/ lISc Lib B'lore 
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of the sun’s rays is the prime cause of the immense 
difference between an Equatorial climate and that of 
Northern Europe. The effect is observed to some 
extent in our own fields^ and explains why certain 
slopes or aspects are favourable to fertility. It is on 
a slope facing the south that the soil will reach its 
highest temperature during sunshine. 

The mean temperature of both soil and subsoil is 
nearly the same as the mean temperature of the air 
at the surface. Every circumstance affecting the tem¬ 
perature of the air (as warm ocean carrents) affects the 
mean temperature of the soil. When, however, a soil 
is freely exposed to the sky, the temperature at the 
surface reaches a far higher maximum, and falls to a 
lower minimum than is reached by the air above it. 
Schiibler determined for two years the temperature of 
freely-exposed soil in his garden at Tlibingen, at 
inch below the surface, shortly after noon, on every 
day when the weather was perfectly fine. The mean 
of these determinations was above 120° Fahr. for 
every month from April to September inclusive, and 
in July reached 146“; this latter temperature was 05“ 
above that of the air taken at the same time. 

A darli-coloured soil becomes hotter in the sun’s rays 
than a light-coloured one, a larger proportion of the 
sun’s energy being converted into heat; the extreme 
difference observed in the case of natural soils in 
European climates is about 8^. No difference will be 
observed on cloudy days. At night all soils will cool 
to the same point. 

The quantity of heat required to produce the same 
rise.in temperature {specific heat) is very different for 
the different constituents of soil, as will be seen from 
the following table;— 
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SPECIFIO GEAVITY AND SPECIFIC HEAT OF 
SOIL OONSTirUENTS. 



Bpecinc 

Specific neat of 


Gravity 

Equal Weip;ht8 

Equal Volumes 

Water . 

1*00 

1*000 

1*000 

Humus 

1*23 

0*477 

0*587 

Lava and basalt., 

o 

CO 

1 

0*20-~0*28 

0*64-0*81? 

Olay • .. 

2*44 

0*233 

0*668 

Calcium carbonate 

2-73 

0*206 

! 0*561 

Quartz, felspar, granite 

2*65 

0189 

0*499 


Thus the same quantity of heat will raise 1 lb. of 
water and 6 lbs. of chalk or quartz sand to the same 
temperature; and during cooling, 1 lb. of water will 
give out five times as much heat as 1 lb. of chalk or 
quartz. Or, looking only at the solid constituents of 
soil, the same amount of heat will raise 3 lbs. of humus 
and 8 lbs. of quartz to the same temperature. 

The specific heat of different soils is, from a practical 
point of view, best shown by the quantity of heat 
required to raise equal volumes or depths to the same 
temperature. With dry soils, including only hygro¬ 
scopic water, about three cubic feet would be heated by 
the sun to the same degree as one cubic foot of water. 
In this condition there is little difference between 
different soils; a dry peat will consume the least 
heat, and a dry clay the most. When, however, soils 
become wet great differences appear. In a freshly- 
^'‘ained condition, a coarse gravel pr gaud will warm 
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to tbe greatest depth, while soils retaining more water 
will warm to a smaller depth. The specific heat of 
wet peat does not differ greatly from that of its own 
bulk of water. 

The depth to which a soil will be heated depends, 
however, partly on the conductive poiver of its con¬ 
stituents. Quartz has the greatest power of conducting 
heat of any soil constituent. Air is the worst con¬ 
ductor of heat present in the soil, A dry soil, in fine 
I powder, is thus a very poor conductor of heat, each 
( particle of coil being surrounded by air. Consolidation 
improves the conductivity, and the presence of stones 
has a still greater effect. Wetting the soil doubles the 
conductivity of quartz sand, chalk, or clay, by dis¬ 
placing the air. We see, therefore, that a dry, 
pulverulent, loose soil will get very hot at the surface 
when exposed to the sun, but the heat will penetrate 
to a small depth. A solid, stony soil, especially when 
w^et, is the one in which heat will pass most easily to 
the subsoil. Tlie suitability of gravelly soils for early 
spring crops has been already noticed. 

The presence or absence of much water is the con¬ 
dition which chiefly determines the cold or warm 
character of a soil. We have already noticed the higli 
specific heat of water, in consequence of which the 
same amount of sunshine will warm a wet soil far less 
than a dry one. A still more potent reason for the 
coldness of wet soils is, however, the loss of heat during 
evaporation. If one pint of water is eva^Dorated from 
97 pints, the 9G pints remaining will have fallen 10“ 
Fahr. in temperature, or this amount of heat must 
have been supplied from some external source. Un- 
draiued meadows, and heavy clays, are thus .cold soils, 
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because much of the heat of the sun is in these cases 
consumed in evaporating water. Parkes found that 
an undrained peat bog, 30 feet deep, had a uniform 
temperature of 46“ below a distance of one foot from 
the surface. In the middle of June he found the 
temperature 47“ at seven inches below the surface, 
while the drained portion had a temperature of 66“ at 
this depth, and a temperature of 60“ at two feet below 
the surface. Drainin g is the only cure for a cold, wet 
soil. 

The temperakire of the s'libsoil is practically constant 
throughout the year at a certain distance from the 
surface ; this distance will be a few feet in the tropics, 
but becomes very considerable in northern latitudes, 
where there is a wide difference in the summer and 
winter temperature. Between the point of constant 
temperature and the surface the changes of season are 
felt, but the maximum and minimum temperatures in 
the subsoil always occur after they have been reached 
at the surface. At a certain depth the seasons are 
reversed, and the maximum temperature occurs in the 
subsoil while it is winter at the surface. At Greenwich 
Observatory, in a well-drained gravel, the variations of 
day and night are slightly felt at three feet from the 
surface. At 25'6 feet the maximum temperature 
usually occurs in the latter part of November, and the 
minimum in the first week in June; the difference 
between the two is about 3°. It follows from what 
has been stated that the soil and subsoil are generally 
war mer tha n the air in^utumn, and cooler than the 
air in spring. 

6. Formation of Soils ,—^All soils have been produced 
by the disintegration of rocks, through the prolonged 
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action of water, air and frost; and, in the later stages 
of their liistoiy, by the action of vegetable and animal 
life, and their products. The original matter from 
which all subsequent formations have been derived 
consists of the igneous roclcs, composed chiefly of 
silica and alumina united with variable proportions of 
oxide of iron, potash, soda, lime, magnesia, and small 
quantities of many other substances. Such rocks always 
contain some phosphoric acid, frequently as apatite. 

Some soils are derived directly from the decompo¬ 
sition of igneous rocks, as in the case of soils derived 
from lava, basalt, and granite. In most cases, how¬ 
ever, the igneous rocks have undergone disintegration 
during geologic ages, and have been redeposited on the 
sea bottom, the deposit being generally associated with 
the remains of vegetable and animal life. The sedi- 
mentary roclcs thus produced consist either of sand, 
clay, or limestone, or mixtures of these, in various 
states of aggregation. The sand consists of little 
altered fragments of the hardest and most resistant 
constituents of the original rock; it is chiefly com¬ 
posed of quartz, but generally contains besides small 
quantities of felspar, mica, and other minerals. Clay 
is a hydrated silicate of aluminium ; it is a result of 
the chemical decomposition of potash or soda felspars. 
These felspars are decomposed by the prolonged action 
of water containing carbonic acid; the alkalies and a 
part of the silica are removed in solution, and clay 
remains. During the decomposition of igneous rocks 
the lime and magnesia have been removed in solu¬ 
tion, and have accumulated in the ocean; the pre¬ 
cipitation of the lime and magnesia as carbonate lias 
boca brought about through the agency of vegetable 
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and aiiirnal life. From the calcareous mruls tims 
deposited oar Ivmesione rocks have ori'^iiiattMl. .hh*oia 
the sandstones, clays, and limestfincs thus prodiiccul, 
onr present soils have horni mostly tonned. 

ddie action, of the wentlier on soils is similar In kind to 
that whicli ha,s Jiln^'uly ta,ken plac^o on a lar; 4 ’er scale 
on rocks. The ox|>ansi{)n of water when fre(^ziiin; 
ttmds to r<u1ucc a soil to fine powdtir. Tlui oxy.ii;oii of 
the air talons a Bhai'(‘, in tlie disintc^o’ration if silicates 
(‘onta.inin <4 fc'.rrous oxidi'. are present, d’he most potent 
cluMuicjU ai<{ent is, liowtwer, the carboiiic acid prestnit 
in rn-in, and to a still kvr^^evr oxtout in the water 
p(irnusitlng soils containinty vo^^('dal)le matter. This 
solution ot carbonic acid dissolves, and removes as 
(lraina<^m wa.t(‘r, the carl)()nat<^s of ca,l(ii(im and mag- 
m^simu; it also, es|)C(a*a.IIy wlien niinCorccMl by the 
pniS(mc('. o[ the carhonati^s jiist mentioned, attacks any 
iindtH!ompos(ul sili(iat(‘s, and lannovos in. solution tlio 
alka»lies and sonu'. of the silica which, th(‘.y contain. 
AVI urn a soil 1ms l)taM)m(‘, the seat of v(\geta-tion the 
cJimnicail a.^umts of (lecom|:osition g«a-in in powfu: ; the 
ca,rhoni(*, a(U(l in Mhj soil is imndi im;roa,S(Ml, and is 
a.ssistc,d by tlic bumic acids, and by tlu^ nitricj a,cid, 
wbic.h a.pp(su: on tlio S(ume ; tlie solvamt action o!‘ phiiit 
roots must also be talom into acquaint. 

\Vca,tli<a’ing ac-tion is^ thus th'stiaud.iviL and esprusally 
lends to rimioV(‘. from tiu*. soil in dniiimge wa,t(u: the 
lime, magmaaa., ;uid alkabc.s wbitdi it conta,ins ; a sur¬ 
face soil is thus pnnerally pnonu.' in lim(% and fre-- 
c|urntly in pola.sh, tlmn the subsoil iKSiea-th it. ddie 
impovcrishmeiil, of tls^ soil is himUire.d hy its ail)sorp- 
iive power (p|>. -l‘h '15), but c.lii(‘(1y by tlu'. consciwa.tivc^ 
action of v(^‘,;ctatimL Fht^ plant is contiuuaJly collect- 
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ing from the soil and subsoil dissolved or easily soluble 
matter, storing these in its tissues, and at its death 
leaving them upon the surface soil. When natural 
vegetation has continued this action for ages, as in an 
undisturbed prairie or forest, a surface soil is produced 
rich in vegetable matter, and containing an accumula¬ 
tion of plant food in a very available form. 

6. Organic Constituents .—In all sedimentary rocks 
there is some organic matter, containing both carbon 
and nitrogen, a residue of ancient vegetable or animal 
life; the nitrogenous organic matter in our deeper 
subsoils is mostly of this ancient character. The much 
larger quantity of organic matter present in a surface 
soil is, on the other band, a residue of recent life, or 
of applications of organic manure, and has a different 
composition (p. 40). 

The brown or black organic matter of surface soils, 
to w’-hich we give the name of humus, is a product of 
processes of fermentation (as in a peat bog), or of par¬ 
tial oxidation (as in an arable soil); and when exposed 
to air in a surface soil is continually undergoing 
further change. Humus is a mixture of many ill- 
defined bodies ; it may be roughly divided into humic 
i acids andhumin. If a soil is treated with cold dilute 
. hydrochloric acid, and washed, the bases with which' 
the humic acids were combined are removed ; if now 
ammonia be added, the humic acids come into solution 
i.as ammonium salts, while the insoluble humin is left. 
The basic alkali humates are readily soluble, but 
the acid humates of potassium and sodium are very 
sparingly soluble. The combinations of humic acid 
with calcium and iron are insoluble, Jlumic agid 
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combines with ammonia to form an amide. The 
humus of soil always contains nitrogen; the amount 
is very variable, depending on its past history. It 
has apparently in part an amide nature, and yields 
ammonia and soluble nitrogenous bodies when boiled 
with dilute acids or alkalies. 

The hu mic m atter of soils is of great agricultural 
importance; not only does it profoundly modify tlig 
physical properties of soil, it is also the principal 
source of^e nitrogenous food of plants. A soil rich 
in humus is rich in nitrogen; a soil poor in humus 
is poor in nitrogen. The old pasture at Rothamsted, 
with roots removed, contains when dry, in the first 
nine inches, 0‘245 per cent, of nitrogen, and 3'36 per 
cent, of carbon, corresponding to about 5’6 per cent, 
of humus. In very rich English pastures the per¬ 
centage of nitrogen will reach 0*5 or 0’6. The soil of 
old kitchen gardens, and the black soil of Manitoba, 
may contain a similar amount. The arable soil at 
Rothamsted, a heavy loam, contains 0*10—0T5 per 
cent, of nitrogen; and its clay subsoil, down to nine 
feet, 0*04—0*05 per cent. A sandy subsoil will contain 
less nitrogen. 

7. Plant Food in Soil .—The proportion of plant 
food present in soils is very small, even when the soil 
is extremely fertile, the bulk of the soil serving chiefly 
as a support, and as a sponge to hold water. A good 
arable loam may contain 0*15 per cent, of nitrogen, 
0*15 per cent, of phosphoric acid, 0*2 per cent, of 
potash (soluble in hydrochloric acid), and 0*5 per 
cent, of lime: much larger quantities may, of course, 
occasionally be present. Plant food is not equally 
distributed throughout a soil. If a soil is separated 
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by sifting, or by currents of water, into finer and 
coarser particles, the finer particles will be found 
much the richest in plant food. 

The weight of soil on an acre of land is so enormous 
that small proportions of plant food may amount to 
very considerable quantities. Nine inches’ depth of 
arable loam will weigh, when perfectly dry, about ! 

3,000,000 lbs. A pasture soil will be lighter, the first 
nine inches weighing, when dried and the roots re¬ 
moved, about 2,250,000 lbs. Supposing, therefore, 
a dry soil to contain 0*10 per cent, of nitrogen, 
phosphoric acid or potash, the quantity in nine inches 
of soil will be from 2,250 lbs. to 3,000 lbs. per acre. 

A large part of the elements of plant food contained 
in soils is present in such a condition that plants are 
unable to make use of it. An acre of soil may con¬ 
tain many thousand pounds of phosphoric acid or of 
nitrogen, and yet be in a poor condition; while a 
dressing supplying 50 lbs. of readily available j)hos- 
phoric acid or nitrogen, in the form of super¬ 
phosphate or nitrate of sodium, may greatly increase 
its productiveness. 

The available condition of the plant food depends 
much on the character of the soil, A much smaller ' 

proportion of plant food will render a sand fertile than 
w^ould be required in the case of a clay. This is partly 
from the far greater development of the roots in a 
sandy soil, and partly from the different condition in 
which the mineral food is held. Hilgard has also 
pointed out that the presence of lime in a soil, 
especially when associated with humus, much in¬ 
creases the availability both of potash and phosphoric 
acid, so that smaller quantities of these suffice when 
lime is presentr ’ f 




PLANT POOD IN SOIL 


89 


Food can be talvon up by tlie roots of plants only 
when it is in solution, or in a condition capable of 
buini^ dissolvod by contact with the acid sap of the 
root liairs. Matter wliich is in neither of these con¬ 
ditions is useless to the plant, though it may after¬ 
wards bocoino available by the chemical actions within 
the soil. Most of the ingredients of soil are in an 
insolulde condition : this fact is really of the utmost 
advantage, as else soils would lose their fertility by 
heavy rain. 

The chemical analysis of soils usually aims at deter¬ 
mining the total amount of the various matters pre¬ 
sent in a soil, or else the quantities soluble in strong 
liydrochloric acid; it docs not therefore succeed in 
furnishing a measure of the soil’s fertility. Dyer has 
lately employed with success a 1 per cent, solution of 
citric acid for soil analysis ; this solution has an 
acidity somewhat similar to that possessed by root 
sap. By c.x.trading the soils of the experimental 
wheat and barley fields at Bothamsted with this 
siilution, he found that when the soil contained '03 
)ior cent., of phosphoric acid, soluble in 1 per cent, 
citric acid, manuring with phosphates was not 
iii'.oded ; but that when only ‘01 per cent, was present, 
]ihosphatic manure was urgently required. When the 
)iotash soluble in 1 per cent, citric acid amounted to 
•004 per cent, potash manures were apparently not 
required for barley; in the case of wheat, ’005 or 
•OOO x)er cent, apparently sufficed. Wood, working 
with calcareous Norfolk soils, found that ’008 per cent, 
of potash soluble in 1 per cent, citric acid was quite 
iusuflieicnt for barley, but '043 was suflicient. 
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8. Oxidation in Soil .—The materials from which the 
nitrogenous matter of soils is derived contain always 
a large proportio]) of carbon. In the roots and stubble 
of cereal crops the relation of nitrogen to carbon is 
about 1 : 43 ; in those of leguminous crops 1 : 23; in 
moderately rotted farmyard manure 1 : 18. In an 
aerated soil these materials are oxidised by the action 
of various living organisms (insects, worms, fungi, 
bacteria), large quantities of carbonic acid being pro¬ 
duced. As a result of this loss of carbon, w^e find 
that the surface soil of a pasture (roots removed) will 
contain about 1 of nitrogen to 13 of carbon ; the 
surface soil of an arable fi.eld 1 : 10; and a clay sub¬ 
soil 1:6. These figures represent the proportion of 
nitrogen to carbon in the commonest forms of humic 
matter. Humus represents merely a stage in the 
I decomposition of organic matter; in the end, the 
iwdiole of the carbon, hydrogOB and nitrogen appear 
\as carbonic acid, water, and ammonia or nitrates. 

The nitrogen contained in humus is not in a con¬ 
dition to serve as a food for ordinary crops, the gradua l 
^ j d^omposition of soil humus is thus generally essential 
* to fertility. Many kinds of fungi and bacteria are 
capable of converting the nitrogen of organic matter 
into ammonia; the final nitrification of ammonia is 
performed by two species of bacteria, one of wdiich 
produces nitrites, which the other changes into nitrates. 
Fresh vegetable residues are more easily nitrified than 
I old humic matter. Nitrification does not begin till the 
( earlier stages of decomposition are past. 

The nitrifying bacteria occur most abundantly in the 
surface soil; the depth to which their action extends 
depends on the porosity of the subsoil. In the clay 
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subsoil at Eotliamsted the organisms did not always 
occur in small quantities of soil taken at more than 
three feet below the surface. Nitrification only takes ^ 
place in a moist soil sufficiently po rous to a dmit a ir. 

It is also necessary that some _base should be present 7 
wutli which the nitric acid may combine; this con¬ 
dition is usually fulfilled by the presence of carbonate 
of calcium, nitrate of calcium being produced. Nitri¬ 
fication is most active at summer t empe ratures; it 
ceases apparently near the freezing point. The nitrify¬ 
ing organisms may be killed by severe drought. 

The oxidation of humus not only makes the n^roge^n ^ 
which it contains availabl e as plant food, it also lib^ 
rajes the^ash constituents combined with the humus, 
and enables them to take part agai n in the nourish- 7 , 
ment of plants. 

Oxidation is most active in soils under^tillage. Thus 
in arable land the production of "awailable plant food is 
at its maximum, and so is also the waste by drainage. 
The nitrogenous humic matter of arable land is main¬ 
tained only when the new supply from crop residues 
and organic manures is equal to the amount annually 
oxidised. In an untilled pasture, or forest soil, on the 
other hand, a considerable accumulation of organic 
matter may take place, the annual residue of dead 
roots and leaves being often in excess of the means of 
oxidation. In a peat bog oxidation is further checked 
by a high water-level, which excludes air from the 
soil: under such conditions an unlimited accumula¬ 
tion of organic matter may take place if plants capable 
of growing in these circumstances are present. 

9. Deoxidation hi Soil .—When a soil is not in an 
aerated condition, but has the spaces betw^een its 
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particles filled with water, the nitrates present in it 
are destroyed by certain kinds of bacteria, the oxygen 

I of the nitrate combining with carbon to form carbonic 
acid, while the nitrogen escajDes as gas. The process 
of denitrification requires the j)5:<3sence of fejinent- 
\ able organic matter; when this is present in 
' sufficient proportion denitrification may occur even 
in the presence of air. 

In a peat bog, or in any water-logged soil, the 
^ decomposition of the organic matter is brought about 
by anaerobic organisms (see p. 52), and is of a putre¬ 
factive character. Under these circumstances also 
nitrogen may be lost as gas. 

10. Movements of Salts in Soil .—If water is allowed 
to drain through a soil it carries with it a part of the 
readily soluble matter which the soil contains. The 
substances chiefly removed by the water will be car- 
jbonate of calcium, and the nitrates, chlorides, and 
Isulphates of calcium and sodium. When heavy rain 
falls these substances are washed into the subsoil, and 
partly escape by the nearest outfall into the springs, 
brooks and rivers. The loss of nitrates from highly 
manured land during a wet season is very consider¬ 
able, and will frequently be equal to several hundred 
pounds of nitrate of sodium per acre. When dry 
, weather sets in evaporation takes place at the surface 
of the soil, a part of the subsoil water is slowly 
brought to the surface by capillary action, and the 
salts it contains are concentrated once more in the 
upper soil, forming in some rare instances a white 
crust of salt upon the surface. Capillary action has 
little influence in the case of coarse sam dy so ils. 
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Besides the rapid movements of salts due to a move¬ 
ment of the water in the soil, they have also a slow 
movement due to their molecular diffusive powers by\ 
which their particles continually pass from a stronger I 
s_olution to one ;vY,eaker. This movement is always in 
action in moist soil, and tends to the equaJ^stribu - 
tion of all soluble matter. If a dressing of nitrate or 
chloride of sodium is applied to moist soil, the manure 
will dissolve and slowly spread downwards even before 
rain falls. Again, when a heavy rain has washed all 
soluble salts out of the surface soil, they will slowly 
rise again by diffusion as soon as rain ceases. 

Of the soluble and diffusible salts occurring in soil 
the nitrates are of the greatest importance as plant 
food. The quantity of nitrates in a surface soil will 
vary much, depending on the richness of the soil in 
nitrogen, the previous conditions as to tillage, tempera¬ 
ture and moisture, the extent of recent washing by 
rain, and on whether the soil is or is not under crop. 
Where a crop is growing the nitrates will be kept 
nearer the surface, the evaporation of water from a 
growing crop being far greater than from a bare soil. 
The nitrates will also be constantly taken up by the 
roots and employed as plant food. The loss of nitrates 
by drainage is thus far less when the land is under 
crop than in the case of bare fallow. 

11. Absorption of Atmospheric Nitrogen^ — The 
behaviour of soils to atmospheric nitrogen still re¬ 
mains ill defined. A soil may, in some circumstances, 
give up ammonia to the air, in other circumstances it 
may absorb ammonia from the air. The free nitrogen 
of the air does not combine with the inorganic or with 
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the humic constituents of soil, but it may be brought 
into combination by living organisms in the soil. The 
bacillus isolated from soil by Winogradsky assimilates 
nitrogen only viiien supplied with fermentable organic 
matter, and in the absence of oxygen and ammonia; 
the absence of oxygen is apparently sufficiently assured 
by the presence of some organism making a large 
use of that gas. The bacterium-like organism which 
forms the tubercles on leguminous plants inhabits the 
soil, it assimilates nitrogen freely when in union with 
the roots of the host plant, but it has not been proved 
that it assimilates nitrogen in the soil when not in 
union with the plant. A soil bacterium (probably one 
of those already mentioned) is also capable of living 
in union with certain green algxe, and under these cir¬ 
cumstances is capable of assimilating nitrogen. In all 
these cases it appears that the supply of carbohydrates 
furnished by a green plant is needed if nitrogen is to 
be assimilated. Whether nitrogen can be assimilated 
when humus is the only organic matter available is at 
present doubtful. The practical conclusions are thus 
at present limited. The enrichment of the soil with 
nitrogen when leguminous plants hold possession of the 
land is, however, a fact well assured and of the highest 
importance. With the exception of this fact, it is well 
to remember that with land under till age t he losses 
of nitrogenous matter by oxidation and drainage 
generally greatly exceed any gains, and a necessity 
thus exists for restorative cropping and manuring. 

Attempts have been made to increase the fertility of 
soils by adding to them the living organisms which 
assimilate nitrogen from the air; such applications 
have generally failed, probably because soils are already 
suffi-ciently provided with these organisms. 
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12. Absorption of Bases and Acids ,—If a solution 
containing phosphoric acid, potash, or ammonia is 
poured upon a sufficiently large quantity of fertile 
soil, the water which filters through will be found 
nearly destitute of these substances. This retentive 
power of soil for phosphoric acid, potash, &c., is of 
the utmost agricultural importance, as it enables soils 
to maintain their fertility when washed by rain, and 
permits of the economic use of many soluble manures. 
The ingredients of the soil which exercise a retentive | 
power are the hydrates of ferric oxide and alumina, j 
the hydrous silicates of aluminium, and humus. 

Ferric oxide is a common ingredient of soils; to it 
^ red gol oiir of many soils is owdng. To the presence 
2 ^ ^of ferric oxide the reten tion of p ho sphoric a cid is 
chiefly due. When a solution of phosphate of calcium 
in carbonic acid is placed in contact with an excess of 
hydrated ferric oxide, the phosphoric acid is gradually 
absorbed and the calcium left in solution as carbonate. 
Hydrated alumina acts in the same manner. Ferric 
oxide and alumina have also a r etentive power for 
* ammonia, potash, and other bases, but the expounds 
formed are more or less decomposed by water. To the 
hydrous double silicates the permanent retention of 
potash and other bases is chiefly due. Humus has a 
great absorbent power for ammonia ; it also retains 
other bases with which it can form insoluble com¬ 
pounds. 

Magnesia, lime, and soda are retained by soil, but in 
a less powerful manner than are potash and animonia. 
When a solution of a salt of potassium or amuionium 
is placed in contact with a fertile soil, lime will come 
into solution and take the place of the potash or 
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ammonia, which is, by preference, absorbed- The 
relative mass of the acting bodies has, however, a 
great influence, and it is possible to liberate potash 
from a soil by the application of a large quantity of a 
sodium salt, although the sodium is the wether ba se. 

^ Soils destitute of lime retain very little potash or 
I ammonia when these are applied as salts of powerful 
acids, as, for instance, as chlorides, nitrates, or sul¬ 
phates. When carbonate of calcium is present the 
potassium or ammonium salt is decomposed, the base 
^ ^ ^ is retained by the soil, while the acid escapes into the 

4 ^:^^drainage water united with calcium. The addition of 
'marl, chalk, or lime may thus greatly increase the 
retentive power of a soil for bases. 

Phosphoric acid is the most firmly retained of all 
the substances absorbed by soil. The bases absorbed 
by soil are slowly removed by the action of water. 
The action of the water is least in a soil which has 
absorbed little, or has been already washed, and 
greatest when the soil has been heavily manured. 
A soil always contains some plant food in solution. 

^ , The permanent fertility of a soil is nearly connected 

with its power of retaining plant food. In the case 
of a soil containing clay, only traces of phosphoric acid, 
ammonia, or potash are ever found in the drainage 
waters. Sandy soil s, from their smaller chemical 
retentive power and freo drainage, are of less natural 
fertility, and much more dependent on immediate 
supplies of manure. 

There can be little doubt that the active plant food 
contained in soil, which is capable of being taken up 
by roots, exists either in solution, or in the states of 
combination just referred to—that is, in union with 
ferric oxide, hydrous silicates, or humus. Different 
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cropi^ hn.vo very diflnrciiifc powers of attacking these 
varioUM forms of plant food. 

;I:L Tillage and Draining. —The operations of tillage 
and (Iraiining serve in many important ways to make 
tln^ (■.onditions of plant lih^ nioro favourablo, and to 
inertsnu^. tln^ amount of plant food which is at the 
(lisposn-l of a crop; nniny of those have been already 
notictsl. 

j>y tillage, aid(‘d by frost, and by altoanatc drought 
and niin, the 8urfa,co soil is pulvtn’ised, and brongiit 
into a loose, open condition. The fine tilth thus 
obtaiiuul allows of a rapid extension of the delicate 
root fibres, aiiid favours a happy condition of soil 
inoistun^. 

IJy the action of the 'plough the residues of crops, 
\V(H'ds Jind manure ai’o buried, and incorporated with 
tli(^ soil, ^.bhe de(‘p tillage of heavy land allows rain 
to ])en(‘.{.ra/t(‘. it, and establishes tlic drainage of the 
surfac(^ soil, and incjxtascs its teniporaturc. A shallow 
Hiirra(a^ tillage pnisiuwes the moisture of the soil in 
time of drought. J‘»y rolHug a pulverised soil we 
inc.rease- the moisture at the surface, and the depth 
to which ilui soil is warmed hy the sun. 

Anotluur important r<;siilt of tillage is tliat the soil 
is thon‘;hly e-xposetl to the innucncc of tlie air. Boils 
containitig humus or clay will, under this condition, 
a,bsoii) soim^ ammonia from the atmosphere. The 
oxida,tion of the nitrogimous orgnmic matter present 
in the. st)il will aJso be grt'.atly facilitated, carbonic and 
nil.ric a(uds btung produced. The disintegration and 
solution of pa-rti(d(xs of rock will take place from the 
mtsdmnie.al a.nd (duunical actions brought into play. 
Of the ohe.mi(*aI results brought about by tillage the 
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increased production of nitrates must be ranked as 
the most important. 

By means of pipe drainage the various chemical 
actions just mentioned are carried down to a greater 
or less extent into the subsoil, for as the water level 
is lowered the air enters from above to fill the cavities 
in the soil. By draining, the depth to which the roots 
penetrate, and consequently the extent of their feed¬ 
ing ground, is increased ; roots will not grow in the 
absence of oxygen, and rot as soon as they reach a 
permanent w’ater-leve]. In a water-logged soil deoxi¬ 
dation is active, the nitrates present are destroyed, a 
part of the nitrogen being evolved as gas; the soil 
may thus suffer a considerable loss of plant food by 
lack of drainage. 

Natural drainage in stiff soils is effected by original 
fissures, by cracks produced in dry weather, and 
especially by channels left on the decay of the roots 
of crops, and by worms. The porosity of stiff soils 
is largely increased by the two agencies last named. 

14. Clay Burning ,—Burning is occasionally resorted 
to as a means of increasing the available plant food, 
and improving the texture of a heavy soil. The soil 
is mixed with vegetable rubbish and burnt in heaps, 
which are then spread over the land and ploughed in. 
If the soil contains lime this will attack the silicates 
of tfie soil, and liberate a part of the potash from its 
insoluble combinations. To produce the best results 
it is essential that the burning should take place at 
a low temperature. This treatment by burning is a 
very extreme one, and can be recommended only in 
few cases; it must always be attended with an entire 
loss of the nitrogen in the soil burntt 





CHAPTER III. 


MANURES. 

Diilcroiice botwocn natural vegetation and agriculture—Necessity for 
manuring. Farmyard Mamire. —Circumstances wliicli influence 
its character—Losses in preparation—Changes during fermenta¬ 
tion—Its average composition—Slowness of its effect— Seaweed 
— Guano — Fish Manure — Sulphate of Ammonium — Nitrate 
of Sodium — Soot, Dried Blood, Poiodered Horn, and Woollen 
liefuse — Meat Guano — Bones — Oilcakes — Fliospliatie Slag and 
QroiindBhosjyhates — Sujgcryiliosggliate — Gypsum — Lmie, Chalk, 
and Marl—Potassium Salts—Common Salt. Relative Value of 
Mamii'GS, —Results of comparative experiments—Price per unit. 
Application of Manures. —Importance of thorough distribution— 
Bost time for application. Return for Manure Applied. —Increase 
from nitrogenous manures — Effect of residues of previous 
manuring. 

In the natural vegetation of a forest or prairie the 
soil sii.ffers no diminution of plant food. The elements 
taken from the soil are returned to it on the decay of 
the plants which the soil has nourished, or on the 
deatli of the animals which have fed on these plants. 
Under these circumstances the surface soil becomes 
rich in carbon and nitrogen, the quantity contributed 
by the atmosphere at first exceeding, and then balanc¬ 
ing, all losses. The surface soil also becomes rich in 
the ash constituents of plants, these being collected 
from the subsoil by the roots, and left at the surface 
on the decay of the plant. A virgin soil thus generally 
contains an abundance of plant food at the surface, 
and will produce large crops without manure. 

As soon as land is brought under the plough the 
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oxidation of tlie organic matter previously accumulated 
commences, and the amount of drainage and tlie losses 
by drainage are mucli increased. The vegetal)le and 
animal produce of tlie land are also now consumed off 
the soil which has reared them. Provision must con¬ 
sequently be made, sooner or later, to return to the 
land a part at least of the plant food removed from it 

its fertility is to be maintained. Hence the neces¬ 
sity for manuring. 

A nearly complete return to the land would be 
accomplisbed by manuring it with the excrements of 
he men and animals consuming the crops. Tin's is 
partially done hy tlie application of farmynrd manure; 
but the congregation of men in cities, and the difticiilty 
of employing sewage with profit, prevent this plan 
being thoroughly carried out. The farmer is thus often 
obliged to purcliase manures for the land in exchange 
for the crops and stock sold off it. 

On naturally poor soils it may be necessary to make 
a complete return of all the elements of plant food 
removed by the crops ; but in most soils there is an 
abundance of some one or more of those elements, and 
a partial manuring will consequently siiflicc. With 
high farming the contributions to tlie soil may l>o 
in excess of tlie exports, and the hind consequently 
increase in fertility. The nature of the exhaustion 
resulting from the growth of jiarticular crops, and the 
economic application of manures to meet their special 
requirements, will be considered in Cbai)terIV.; tlie 
losses during a rotation of crops in Cliapter V. ; tlie 
losses by the sale of animal products in Chapter VI. 

Tarmyard Hanura consists of the liquid and solid 
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<‘.\c,r<in<*nls ot ilu^ IV.iin slock, ])liis tlic liibcr em- 
])loy(‘.(i. lls coinposiiioii will vary according to tlic 
cliara.cl(;r of a-ninials C(>nLril)uting to il, Llui ([iialiiy 
ol tlicJi: food, and (dui nature^, and proporlion of tlic 
lij,lcr. ddiis pari of the Hiilijoct will bo discussed in 
('hajitia* X. 

ddic tri^'itiiuait of tlic inaniirc is most important, 
largest p:irt of the nitrogen is voided in the form 
of urinig and I'caK‘rally the ricdier the diet tlio higlier 
will this projiorhon he. If the liquid manm-o is lost, 
or the solid ma.tt<u’ is waslu'.d hy rain, and tlio wash¬ 
ings a,r('. a,!IoW(sl to di'a-in awaiy, serious losses of 
nitrogc'u and poiash will ocamr. Jlencc the great 
siipi'.rioriiy of Ihkv- Duonirc to that made in an open 
yard. ] lohl(dli(‘.ss found that a quantity of food and 
litter whicdi, in a deep stall, yielded 10 tons of manure, 
containing lOH lbs. of nitrogen, yielded, when carried 
d;iily to a hea,p, only tons, containing 04 lbs. of 
nitrogen. 

It must also lie rciadliadaul that the urea, which 
forms the ciiicf ni(,rog(mous ingredient of urine, is 
BjK'C'dily cha.n‘.'vd hy fermentation into carl)ona-te of 
aimnonimn ; aaid, as this is a vohitiki suhstanco, a con- 
sid('rahl(‘. loss of nitro.iam wall (sasily oecm:. This loss 
taki's j>k-us‘. (dii(‘fly vvhik^ the manure is in tlio stable. 
IMiint.z an<l (lirard found tla^. loss in the ca,8C of liorsos 
a.nd c.ows to a^nioimt to about pi'r cent, of the 
nitrogen voided hy the animal. A still greater loss 
o(*c.uiT(sl with sliei^), in c.onsccpumeo ol the coiu-cin 
traJod iia{.un‘ of their urin<‘>. This loss may he dim- 
inislu'd by a. libera,1 us(^ of litter, a,ml esptaually liy 
nsaiig pea»t or peat mt):',s instejid ol straAV (jo 212). d’he 
additiiui ot h)a.m to :s(ra,\v considerably increases its 
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power of retaining ammonia. Sprinkling po\v<lnro{l 
gypsunij sLiparphospbate, or kainito on the li’osli 
manure also greatly diminisbes the loss oL’ iiiunionia,. 

Farmyard manure readily undergoes dcuiomposition : 
this decomposition proceeds quite (liffcTcntly according 
as -air is admitted or excluded. If the manure is 
thrown loosely in a heap it becomes vtny liot, a,n<l 
rapidly wastes ; the organic matter is in tliis (5:i,s(i 
virtually burnt, and yields carbonic acid, watm: and 
ammonia; the work is performed by aerobic organ¬ 
isms.^ If, on the other hand, the manure is consoli¬ 
dated and kept thoroughly moist, so that jiir is 
excluded, the mass ferments with but little ris(^. in 
temperature, carbonic acid and methane with 

some hydrogen and nitrogen, are given off, loss of 
weight is far less than in the previous case, and tlui 
litter is chiefly converted into humic matter. This 
fermentation is the work of anacrohic organisms.^ 

The ammonia present in fresh manure gradually 
disappears, it apparently combines with tlie Iminic 
matter arising from the decomposition of the litter, 
an amide being produced. 

It is sometimes best to cart the fresh manure on to 
the land and at once ploiigli it in; the lessees in tlio 
heap are thus prevented, and a gi'e;it(;i; bulk' of nianmxj 
added to the soil; heavy land is ospocially b(a)ehtod by 
such treatment. When the .manure must |)(‘, k'ept, it 
sliould be made without delay into a solid heji|), wlnVJi 
must not be allowed to get dry. A inanuro pit urnhu’ 
cover maybe provided with a pump l)y which drainage 

‘ Aerobic organisms (fungi anti soino roquiro nxyg<in for 

the performance of tlieir work. Anaerobic orgaiii:;ms (ytiiislH and 
some bacteria) dacomposo orgamo mutter witinnil; cvniMinning 
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can be thrown oh to the manure in dry weather. When 
the heap is made in the open it should be covered by 
a layer of earth. The fermentation of farmyard 
manure may be greatly hindered by mixing with it a 
small quantity of kainite; loss of nitrogen is thus pre¬ 
vented, but the decomposition of the litter becomes 
imperfect. 

Well-made rotten manure is a more concentrated 
plant food than fresh manure, and is much preferred 
for light soilSj. which long manure would leave too 
open and liable to drought. 

Farmyard manure will contain from 65—80 per 
cent, of water. The nitrogen will usually be about 
0*45 per cent., but may rise to 0*65 per cent, or higher 
if produced by highly-fed animals, or with peat moss 
litter. The ash constituents will be 2 5 —3 per cent., 
exclusive of the sand and earth always present. Of 
these ash constituents 0*4—0*8 will be potash, and 
0*2—0*4 phosphoric acid. One ton of farmyard 
manure will thus supply 10—15 lbs. of nitrogen, 
9—18 lbs. of potash, and 4—9 lbs. of phosphoric 
acid. 

Farmyard manure is a ^'general marntre '"—that is, 
it supplies all the essential eJements of plant food. 
The immediate return from an application of farmyard 
manure is much less than from the same amount of 
plant food applied in artificial manures. The effect of 
farm 3 ^ard manure is spread over a considerable number 
of years, its nitrogen being chiefly present, not as 
ammonia, but in the form of carbonaceous compounds, 
which decompose but slowly in the soil. 

Farmyard manure improves the physical condition 
of many soils by increasing the proportion of humus 
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present. Heavy land is greatly lightened, and made 
more pervious to air and water, by ploughing in fresh 
manure. Sandy soils are consolidated, and their power 
of retaining water much increased by the admixture of 
rotten manure. 

Seaweed.—This manure when fresh is, on the whole, 
similar in value to farmyard manure. It becomes 
more valuable as it loses water. 

Guano.—This consists chiefly of the dried excre¬ 
ments of sea fowl. When guano has been deposited 
in the absence of rain it contains a large amount of 
nitrogenous matter, phosphates, and alkali salts. If 
exposed to rain the original nitrogenous matter is de¬ 
composed and disappears, the alkali salts are washed 
out, and the guano remaining is then almost purely 
phosphatic. The largest deposits of guano arc on 
the Peruvian coast and the adjacent islands. Guano 
is also imported from the south-west coast of Africa. 
The present imports contain 2—10 per cent, of nitro¬ 
gen, 10—30 per cent, of phosphoric acid, and 0*2—3‘4 
per cent, of potash. From its groat variation in 
composition, guano should always be purcliased on 
analysis. 

To obtain a constant composition different kinds are 
sometimes mixed, and any deficiency in nitrogen made 
up by the addition of sulphate of ammonium; such 
mixtures are known as equalised guano. 

In a nitrogenous guano the nitrogen is chiefly pre¬ 
sent as uric acid and as ammonium salts. The strong 
smell of a damp guano is due to carbonate of ammouium. 
The phosphoric acid exists principally in the f:iTn of 
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pliospTiate of calcium; but in nitrogenous guanos a 
part exists as phosphate of ammonium, a salt readily 
soluble in water. 

Guano is sometimes treated with a small proportion 
of suli)huric acid; it is then called '' dissolved guanos 
Such guano contains no volatile carbonate of ammo¬ 
nium, and nearly the whole of the phosphates has 
become soluble in water. 

Nitrogenous guano is a highly concentrated manure, 
and may be employed with excellent effect for corn 
crops, potatoes, and roots. Phosphatic guanos may 
be employed for turnips, but such guanos are more 
usually converted into superphosphate before they are 
applied to the land. 

Fish Manure.—This consists of fish refuse dried and 
powdered. It contains usually 7—8*5 per cent, of 
nitrogen. That made from cod contains 13—14 per 
cent, of phosphoric acid as phosphate of calcium, and 
that made from haddock and herring 6—9 per ceiit. 
If much oil is present the value is diminished, as the 
manure decomposes more slowly in the soil. 

Sulphate of Ammonium.— This substance is prepared 
from the ammoniacal products of gas works, coke 
ovens, bone distilleries, &c. In its crystallised form 
it is the most highly nitrogenous of all the manures at 
a farmer’s disposal, containing 24—25 per cent, of 
ammonia, or 19*8—20*6 per cent of nitrogen. 

It should be ascertained that the manure is free 
from sulphocyanate of ammonium, as this substance is 
very injurious to plants. If sulphocyanates are present, 
a solution of the salt will become blood-red on the 
addition of ferric chloride* 
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Sulphate of ammonium is a “ special manuYCy^ valu¬ 
able solely for its nitrogen. It is an excellent manure 
for corn crops and potatoes. Admixture with super¬ 
phosphate and potassium salts is more necessary for 
obtaining a profitable result with ammonium salts 
than it is when nitrate of sodium is employed. 

If sulphate of ammonium is applied as atop-dressing 
to arable land containing much carbonate of calcium, 
some loss of ammonia is apt to occur from the vola¬ 
tilisation of carbonate of ammonium; this loss would 
be greatly diminished by mixing the ammonium salt 
with superphosphate, and by applying the dressing in 
showery weather. Sulphate of ammonium generally 
gives its best results when ploughed or harrowed in. 

The ammonia is converted into a nitrate in a few 
days or weeks after the application of the salt to a moist, 
fertile soil; but nitrification may be much retarded by 
dry weather. The use of sulphate of ammonium 
is attended with some loss of lime to the soil, as both 
the sulphuric acid, and the nitric acid subsequently 
formed, unite with the lime of the soil, and the result¬ 
ing calcium salts are more or less removed by drainage. 
Ammonium salts produce little effect in soils destitute of 
lime, as in such cases nitrification is much delayed ; the 
evil may be cured by an application of lime in autumn, 

titrate of Sodium.— An enormous deposit of the 
crude salt, containing much chloride of sodium, is found 
in Peru. The nitrate sent to this country has been 
purified by crystallisation ; it contains 95—96 per cent, 
of real nitrate, or 15‘6—15*8 per cent, of nitrogen. The 
most usual impurity is common salt. Inferior qualities 
of the nitrate occavsionaily contain sufficient perchlorate 
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of potassium to produce an injurious effect on cereal 
crops I such nitrate may generally be used successfully 
for mangels. 

This manure, like the preceding, is valuable solely 
for its nitrogen. It is an excellent manure for all 
crops requiring artificial supplies of nitrogen, especially 
corn crops and mangels. For corn crops it is best 
employed together with superphosphate. Nitrate of 
sodium should not be mixed with a damp superphos¬ 
phate, else nitric acid will be lost on keeping. The 
two manures may be mixed immediately before use; 
or the superphosphate may be applied with the seed, 
and the nitrate added afterwards as a top dressing. 

The return from the use of nitrate of sodium is 
generally somewhat greater than from the use of the 
same quantity of nitrogen as sulphate of ammonium. 
The nitrate is especially better in dry seasons; in 
a wet summer the ammonium salt may have the 
advantage. 

Nitrate of sodium is especially suited for soils con¬ 
taining much clay. The soda w’^hich it leaves in the soil 
apparently helps to render the potash and phosphates 
in the soil available to crops. It is quicker in its 
action than any other nitrogenous manure, and is 
therefore the best manure to employ when a late 
top dressing has to be given. 

Soot, Dried Blood, Powdered Horn, and Woollen 

Hefiise are all purely nitrogenous manures. Soot owes 
its value to the presence of a small and variable quantity 
of ammonium salts. In good house soot the nitrogen 
may be 3*5 per cent. Dried Blood is an excellent 
manure, containing 9-—12 per cent, of nitrogen. 
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Eoofs and Earns are extremely rich in nitrogen, the 
proportion being usually 15 per cent. Shoddy, and 
other forms of wool waste, are V(!ry variablo in com¬ 
position, owing to tho difforout proportions of wat('r, 
cotton, dirt, and greaso which they contain ; tho nitro¬ 
gen will generally range from 5—8 per cent. 

The nitrogen of blood, horn, wool, and hair is not 
in a form suitable as plant food. Blood readily de¬ 
composes in tho soil, yielding first aunuonia and 
then nitric acid. Horn, wool, and hair decoinpoHO 
much more slowly, and their effect is spread ovisr 
many years. 

Soot is generally employed as a top di'os.sing for 
spring corn. Dried blood is an cxcclksnt inanuro for 
wheat. Wool and hair are chiefly used for hops. 

Meat Meal, Meat Guano.— This is tho rcHiduo fronr 
the manufacture of meat extract. It varies in com¬ 
position according to tho amount of bono ground up 
with the meat fibre. Tho nitrogenous kinds contain 
11—13 per cent, of nitrogen, and O’G—B'O per cont. of 
phosphoric acid. Tho phosphatic kinds contain 0—7 
per cent, of nitrogen, and 14—17 por cent, of phos¬ 
phoric acid. 

Bones. —These are largely employed as manure; 
the fat is usually first extracted by steaming. Com¬ 
mercial bones contain about S’G per cont. of nitrogen, 
and 23 per cent, of phosphoric acid, existing as phos¬ 
phate of calcium. Bones that have boon boiled to 
extract the gelatin contain about 1-4 per cent, of 
nitrogen, and 29 per cent, of phosphoric acid. 

Bones decompose but slowly in tho soil, especially 
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on heavy land; their offoct is thus spread over several 
years. The finer the bones havo boon ground the 
tnora immodiato is their cslloct. Bones are usually 
employed for pasture, and for turnips. 

Oilcakes. —Caicos of little or no value for feeding 
purpoHos are used when ground as nianuro ; their 
value as manure is rather cousidorahlo, as they contain 
a good dtsal of nitrogen, with phospliatos and potash 
(see p. 211)). On light soils rape cake is often used as 
a manure for barley. 

Fkoapliatio Slagf and Oronnd FkoBphates.—'Some 

phosphates when fmely ground may bo succosHCully 
employed as manuro without previous conversion into 
superphosphate. The phosphate at present most used 
for this purpose is Thomas’ slag. PkaxphaHc slag is 
of various qualities, containing 10—22 per cent, of 
phosphoric acid, witli a considerahle e.xeess of lime. 
Tho soils most suitahlo for manures of this class aro 
those rich in humus and poor in carbonato of calcium; 
tliose being the conditions (presonco of humic and 
free carbonic acid) most favourable to tho solution of 
phosphate of calcium. Moorland and pasture soils aro 
especially suitable for such treatment. All undis- 
Bolved phospliatos must bo employed in extremely fine 
powder. Good basic slag is generally sold with a 
giuiranteo that BO per cent, of tho powder shall pass 
thmugh a sieve having 10,000 moshoa in a square 
inch, 

Thomas’ slag is an effective manuro for swedes; it 
is especially excollent as a dressing for old pastures, 
on wliich it generally dovelopa a considerable growth 
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of white cloYer, Por pasture the inferior qualities of 
slag may be employed. Much of the special action of 
basic slag depends on the large amount of lime which 
it contains. 

Snperphospliate.— An abundance of mineral phos¬ 
phates (phosphates of calcium) occur in Nature; many 
of these are so little soluble that their effect as manure 
is but slight; by treating them with sulphuric acid 
(sp. gr. l'55)the sparingly soluble tricalcic phosphate 
is converted into phosphoric acid, or into soluble 
monocalcic phosphate, sulphate of calcium being at 
the same time produced. Superphosphate is thus a 
mixture of phosphoric acid and monocalcic phosphate, 
with gypsum, and various impurities (as sand, and 
compounds of iron and aluminium), derived from the 
original mineral. A superphosphate will generally 
contain a small proportion of undissolved phosphate ; 
this amount will be more considerable if the manure 
has been badly made. 

The value of a superphosphate chiefly depends on 
the percentage of ‘‘ soluble phosphate ” present. By 
this term analysts do not mean monocalcic phosphate, 
but ‘ the quantity of tricalcic phosphate which has 
been rendered soluble. 

Besides the soluble phosphate, and the undissolved 
phosphate, a superphosphate will sometimes contain 
what is known as ** reduced phosphate —that is, 
phosphate which was once soluble but has now lost 
its character. The diminution of soluble phosphate 
during the storing of superphosphates chiefly occurs 
when the nmnure has been made from materials con¬ 
taining ferric oxide an4 alumina, and is du^ to th§ 
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formation of ferric and aluminic phosphate. The pro¬ 
portion of reduced phosphate present in a super¬ 
phosphate is estimated by making use of the fact that, 
though insoluble in water, reduced phosphate is soluble 
in a solution of citrate of ammonium. Reduced phos¬ 
phate has an agricultural value between soluble and 
undissolved phosphate. 

Superphosphate is at present principally made from 
mineral phosphates imported from Algeria, Tunis, 
Florida, South Carolina, and Belgium. Ordinary super¬ 
phosphate will contain about 26 per cent, of soluble 
phosphate, with 2—3 per cent, of undissolved phos¬ 
phate, or about 13 per cent, of total phosphoric acid. 
Higher qualities are made for special purposes. 

Superphosphates form the basis of almost all manu¬ 
factured manures. By using bones, or ground horn, 
or by adding shoddy or crude ammonium salts, turnip 
manures are produced containing a small amount of 
nitrogenous matter. By mixing v^ith the superphos¬ 
phate a larger amount of ammonium salts, and in some 
cases potassium salts, the articles sold as corn, grass, 
mangel and potato manures are prepared. Super¬ 
phosphate made largely from bones is known as dis¬ 
solved hones. 

When superphosphate is applied to a soil containing 
carbonate of calcium tlie soluble phosphate is gradually 
precipitated, but in a form easily taken up by the roots 
of plants. In most cases the phosphoric acid is finally 
converted into basic phosphate of iron, a substance less 
easily assimilated by the roots; fresh applications of 
phosphates are thus more effective thno the residues 
of previous manuring. 

Superphosphates are iiatiu’cally more speedy in their 
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effect than mannres consisting of nndissolved phos¬ 
phate. A Binall quantity of phosphoric acid applied 
as Bupcrpliosphate •will generally have as gri‘.at an 
immediate eflect as a considorahlo quantity applied aa 
bones or ground phosphate. 

Superphosphate is chiefly employed for turnips, for 
•which it is invaluable; it is also of considerable use 
for corn crops, ospocially barley and oats. Its use 
tends to early maturity in tho crop. Siiporpliosphato 
also greatly favours the growth of clover, beans and 
other leguminous crops. 

Gypsmn.—This manure consists of sulpliate of cal¬ 
cium: it is of very limited value. Gypsum is most 
suitable for crops, such as clover and tum'ips, \vhi<di 
require a considerable aimnint of snlpbnr. On virgin 
soils gypsmn bus frequently a wondcn-fnl effec.t on 
clover. Ah suporpliospbato always contains nineh 
gypsum, special applications of gypsum will be xiu- 
necessary where superphosphate is employed. Fimdy- 
pow’dcred gypsum is sometimes employed in stables 
to hinder the volatilisation of ammonium carbonate. 

Xrime, Chalk, and SEarl are frequently manuros of 
the greatest importance. On soils naturally destitute of 
lime, as is the case with many clirys, sandstones, and 
moor soils, these manures will siq^ply an indispensable 
element of plant food. Some marls will also supply a 
small quantity of phospliorio acid, and of potash (if 
glauconite is prosetit). In most cases, however, tho 
beneficial influence of those manures is duo to tho 
chemical actions which lime performs in the soil, and 
to the improvement in physical texture which it pro¬ 
duces (see pp. 23,'46, 56). 
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Burnt lime is mucli more powerful in its action than 
clialk or marl; it should be used with discrimination, 
lest the humus of the soil be unduly diminished. 
Heavy clays, or soils rich in humus, are those most 
benefited by l)urnt lime. In reclaiming peat bogs lime 
is of the liigliest value. The acid humic matter of 
the peat is neutralised by tlie lime, and the conditions 
thus made suitable for the oxidation of the nitrogenous 
organic matter and the production of ammonia and 
nitrates. Lime prepared from magnesium limestone 
(dolomite) is apparently of less value as a manure than 
that made from normal limestone. 

The general effect of lime is to render available the 
plant food already in the soil, without itself supplying 
any significant amount; liming cannot, therefore,' be 
successfully repeated except at considerable intervals. 

Potassium Salts.— These salts are obtained from 
Stassfurt and Leopoldshall in large quantities; they 
form a thick deposit overlying an enormous mass of 
rock salt. The commonest potassium salt employed 
as manure is haini te; it is usually considered to 
consist of sulphate of potassium, sulphate and chloride 
of magnesium, and chloride of sodium. Kainite will 
contain about 12‘5 per cent, of potash. Commercial 
sulphate of potassium WxW contain 50—52 per cent., the 
commercial chloride (or muriate) ^ 52—58 per cent, of 
potash. 

Kainite, common salt, and other salts of potassium 
and sodium are antiseptics, and consequently binder 
the decay of organic matter. They may be used to 
prevent the decomposition of animal manure in the 
stable or manure heap, but should not be sprinkled an 
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farmyard manure in the farrow before growing potatoes 
or roots, as any hindrance to decomposition is then 
injarioTis. It is better, for several reasons, to apply 
any considerable dressing of alkali salts in the autumn; 
their prejudicial effects will thus be obviated. 

Wood Ashes may also be employed as a potash 
manure ; they will contain between 5 and 10 per cent, 
of potash with a good deal of lime. The ash of young 
boughs is richer than that from full-sized timber. 

Potash manures produce their greatest effect on 
meadow and pasture; leguminous crops, potatoes, and 
root crops may also be considerably benefited by their 
use. Some garden crops, as artichokes and celery, are 
greatly assisted by potash manures. Kainite is best 
for grass, but sulphate of potassium should be used 
for potatoes. Many soils, especially clay soils, are 
naturally well furnished with potash; on such soils 
potash manures are almost without effect. 

Common Salt.— Chloride of sodium supplies no 
essential ingredient of plant food. Salt is commonly 
used for mixing with nitrate of sodium, and as a 
manure for mangels; it has also been used success¬ 
fully for cabbage. The little value which it possesses* 
is probably due to its action in the soil, where it will 
help to set free more important constituents, and 
particularly potash. 

Relative Value of Manures.— This may be arrived at 
either by regarding their relative effect on crops, or by 
reference to the market price of their constituents; the 
two methods do not necessarily give the same result, 
though they naturally tend to agreement. Wagner, 
as the result of numerous experiments with nitro- 
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gfinons maiuiroH applied to crops, atul coiitiimnd for 
sovoral years, gives tlio rolativo value of uitrogcui 


various forms as follows:— 

Niirato of Bodium.. •• ,» .100 

Bulpluito of aruinoniuin DO 

Blood, powdonul horn, groon orfjps.70 

Slioanuul bono dunf,, finh mamirn, moat gnano .. ., 00 

l^’annyard miumro.45 

Wool tluHfc .BO 

Bowdorod loaLlioe .20 


Working in the same way, Wagner found tliat 
taking tlio effeefc of pliosphoric acid in superpluisphato 
as 100, its effect in Tliomas’ slag was 5H, and in 
roruvian guano 00, during tlio first year of their 
application. Sncli average liguros give a correct general 
idea of the rolativo values of manures ; but tlio values 
will in fact vary considerably with different soils and 
seasons. 

Taking tlio market prices of manures, it is possible 
in many cases to ealciilate the cost per lb. of their 
oonslitueuts. Acoiniiion piirase in the iiiainire trade 
is price per unit.” Wlmn tlie units in a pereentagn 
analysis are multiiilied by this price wo obtain the 
value per ton, Tims, if nitrate of sodium containing 
15'0 pec cent, of nitrogen is worth a ten, the value 
of nitrogen per unit is lIs. Cd. Again, if a mineral 
suporphospbato is worth jE2 15s. a ton, and contains 
C7 per cent, of gypsum worth ill Ss. per ton, and 
12 per cent, of soluble phosphoric acid, the unit value 
of tho phosphoric acid is 8s. 2d. If wo regard tlio 
gypsum as of no value, the price per unit of tho 
phosphoric acid becomes 4s. 7d. 

AppMoation. of Manurea.— A manure can bo efficacious 
only when its constituents are brought into contact 

fi 
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with tlie roots of the crop. To obtain this contact to 
the fullest extent the manure must be thoroughly 
and evenly distributed throughout the depth of soil 
mainly occupied by the roots. Soluble manures—as 
nitrate of sodium, chloride of sodium, ammonium 
salts, potassium salts, and superphosphate—^have the 
great advantage that they distribute themselves 
within the soil after the first heavy shower far more 
perfectly than can be done by any mode of sowing. 
"Whenever possible, manure should be reduced to a 
fine powder before application. Artificial manures, 
if distributed by hand, should first be made up to a 
considerable bulk by mixing with fine dry soil or ashes. 
Manures containing ammonia must not be mixed with 
alkaline ashes or with Thomas’ slag, else sozne of the 
ammonia will be lost. When manure is especially 
required by the plant in its earliest stages—as super¬ 
phosphate for turnips—it may be drilled with the 
seed; but, as a rule, manure should be sown broad¬ 
cast, and ploughed or harrowed in. 

Top dressing —that is, sowing manure on the surface 
of land already under crop—should generally be con¬ 
fined to manures that are soluble, or the principal 
constituents of which easily become soluble in the soil. 
Nitrate of sodium is sown with advantage in tliis 
manner if showery weather can be depended on to 
distribute the manure in the soil. On pasture all 
manures are necessarily applied as top dressings. 

Manures of little solubility, or those for which the 
soil has a great retentive power, may be applied to tlie 
land before the growing period of the crop commences. 
Diffusible manures, on the other hand, should bo 
applied only when the crop is ready to make use of 
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thorn, else serious waste may occur by drainaffo. 
Farmyard manure, scawe-od, fisli manure, blood, born, 
wool, moat guano, oilcakcis, bones, basic slag and 
other ground pbospbatcis, and, to some extent, snper- 
plioH}diato and potassium salts, belong to tlie former 
elass; wbilo nitrates, and all nianiinis containing 
ammonia, belong to tbo lattex class. 'It was fornus'ly 
supposed that tbo great retentive power of fertile! soils 
for ammonia would offoetually prevent any loss by 
drainage; wo know now that ammonia is spc!{!(bly 
converted into nitrates after mixing with the soil, and 
that those nitrates are readily washed out by heavy 
rain. 

Following those principles, an autumn manuring 
for wheat may consist of farmyard manure, blood 
manure, or meat guano, with or without superphos¬ 
phate; but dressings of Peruvian guano, ammonium 
salts, or nitrate of sodium should bo (b!f(!rrcd till the 
spring. The question is, however, ebiarly one of 
elimate, and with a dry winter climate ammonium 
salts or guano may bt! upplitul with advantage in the 
autumn. In a wcjt siiring loss may ho avoid(!d by 
apidying ammonium salts, and espcseially nitriiie of 
sodium, in small successive drtsHsingH inst(!ad of in one 
application. Lab! ajiplieations of nitrogtsnnus manure 
are, however, apt to produce straw ratlier than {!()rn, 
and leaf rather than root. As a rule, early ap|)li(!a- 
lions of manure are morti profitable than late oiu'.s. 

On soils of open t(!Xtun!, and little reUintivo power, 
preferoneo must often bo giv<!n to manures of little 
solubility, in order to diminish the loss occasioned by 
heavy rain; organic mamnes- as farmyard maruire, 
seaweed, oilcakes, or green crops ploughed in are in 
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such cases very suitable. If top dressings of soluble 
manures are used for soils of this class they should be 
applied later than for soils holding a greater volume of 

water. 

Some complications may arise when farmyard manure 
is applied with artificial manures. Neither nitrates or 
aminoni-am salts give their best results when placed in 
contact with fermentable organic matter in the soil. 
The possibility of loss is greatly diminished by using 
welhrotted manure, and may be still further prevented 
by applying the nitrate subsequently as a top dressing. 
Salts of potassium and sodium, superphosphate, and 
sulphate of ammonium, should not be sprinkled on the 
dung in the furrow, but either mixed with the soil 
before the dung is carted on, or (if the crop is grown 
on the flat) sown broadcast after tlie dung is ploughed 
in, and before harrowing (see p. 63). . 

Return for Manure Applied.~~No dressing of manure 
is completely taken up by the crop to which it is 
applied; dressings larger than the actual requirements 
of the crop must therefore be employed to obtain a 
given result. At Eothamsted, with a moderate dress¬ 
ing of nitrate of sodium to barley, together with a 
liberal supply of ash constituents, about GO per cent, 
of the nitrogen has been on an average recovered in 
the increased produce. A much larger proportion is 
recovered in good seasons. With mangc3l8, mamir( 3 d 
in a similar manner, about 62 per cent, of the nitrogen 
in the nitrate of sodium has been on an average 
recovered in the increased produce of roots obtained, 
the nitrogen in the leaves being not reckoned, as they 
are returned to the soil. In the absence of a full 
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supply of ash constihicnts, tlio amount of nitrogen 
recovered in tlio crop is soriouKly diiuiniHliod. Oilier 
nitrogenous nianuros gouorally yield a smaller return 
tlian uitrato of sodium (see p. 05). 

Tlus return from a dressaing of manure is very 
much diminiBhed •when the quantity applied is cx- 
ceaaive. To obtain the largest return from the manure 
the fanner should use suOicient niauuro to obtain a 
fairly good crop, hut no more. A more libcsral manur¬ 
ing may bo profitable •when the crop is fetching a 
liigh price. Liberal manuring will not produce crops 
largcu' than the character of the soil and scaaou admit of. 

Moat Holuble and activo manurea produce tlioir prin¬ 
cipal effect at once, and arc of littlo benefit to aubao- 
queut crops. Ammonium salts or nitrates usually 
give all their effect in tho first year. Hparingly aoliiblo 
manures, and those which must suffer docompnaitiou 
in the soil before they are of service to the plant, aa 
farmyard manure, bonoa, and Tluunaa’ slag, will, on 
the contrary, continue to produce an effe.ct over many 
ycara. Larmers have a prejudice in fiivour of the 
latter claas of manurea, hut it is clear that the quickoat 
return for capital invuated is afforded by tho former 
class. It is evident that a small quantity of an active 
manure will accomplish tho same work as a large 
quantity of one leas activo. 

At itothainated, wlioro 14 tons of farmyard manure 
were applied annually for twenty years to barley grown 
continuoualy, and the manuring then ceased, about 
tliirtcen years elapsed before tho produce of barhiy 
fell to that originauy given by the uumanured laiul. 
On grass land, after eight years similar manuring, the 
hay crop took nino years to fall to its original level. 
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When 14 tons of farmyard manure are annually applied 
to wheat or barley at Eothamsted, about thirteen years 
elapse before the maximum produce is reached, as the 
residues up to this point are increasing in amount. 

The residues of phosphatic and potassic manures arc 
available for subsequent crops, but are distinctly less 
effective than fresh applications of the same manures. 
Dyer found that where 3 ^ cwts. of superphosphate 
had been annually applied for forty to fifty years on the 
heavy loam at Eothamsted, nearly the whole of the 
unused phosphoric acid remained in the surface nine 
inches, and that from one-third to one-half of this was 
still soluble in weak citric acid. Whore 200 lbs. of 
sulphate of potassium had been annually applied for 
forty to fifty years, only 40—65 per cent, of the unused 
potash apparently remained in the surface nine inches ; 
a considerable part of the remainder was found in the 
subsoil, and a small part had escaped in the drainage 
water. In twenty-seven inches of soil about one- 
quarter of the unused potash was found soluble in 
a 1 per cent, solution of citric acid. 

Where farmyard manure is continuously employed, 
a somewhat larger proportion of the phosphoric acid 
and potash which it contains passes into the subsoil, 
than where superphosphate and potassium salts have 
been applied. The distribution of the constituents in 
question is apparently aided by the organic matter of 
the manure. 





CHAPTER IV. 

CEOPS. 

The dry matter, nitrogeu, and ash constituents in average crops. 
Ce 7 -eal Oro2)S.— Characteristic composition—Mode of feeding— 
Most suitable manuring. Meadow Hay. —Gharactoristic compo¬ 
sition—Demand for ash constituents—Influence of manures on 
quantity and quality-Grass land especially adapted for obtaining 
nitrogen from the atmosphere. Z/eguininous Crops.—Character¬ 
istic composition—Special source of nitrogen—Clover sickness. 
Root Crops. — Characteristic composition — Differences in the 
nutrition of turnix^s, mangels, and potatoes. Forest Growth .— 
Large production of dry matter for small consumption of ash 
constituents and nitrogen. Adaptatio7i of Ma^iures to Crops .— 
The feeding power of each crop must be taken into account— 
Economic distribution of manure in a rotation—The practical 
value of manures only known by experiments on each farm. 
Influe^ice of Climate and Season. —Effect of excess or deficiency 
of water and heat—Influence of preceding winter. Crop Besidues, 
—Their action—Differences between different crops. Weeds.-^ 
Their beneficial and injurious actions. 

To understand the chemistry of crops we must first 
inquire as to their composition. The following table 
shows the average composition of ordinary farm crops, 
and of the annual produce of three descriptions of forest. 
By pure ash ” is understood the ash minus sand, 
charcoal, and carbonic acid, 

The composition of grain is tolerably constant; but 
the composition of straw, leaves, roots, and tubers will 
vary very considerably, according to the character of 
the soil, the manuring, and the season. The com¬ 
position of fodder and root crops is thus especially 
liable to variation. Some information on this subject 
will be found on page 137. 
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Cereal Crops.— Tlioso contain much less iiitrojo'ii 
than either leguminous or root cropH; ahout tlinu?- 
quarters of the nitrogen is in tlie corn, and only onii- 
quarter in tho straw. The amount of phoK|ihoi’ic, acid 
is not very different from that found in otlun’ crops; 
this ingredient is, in fact, the most constant in quantify 
of all tho constitiientH of crops. Tho phosphoric acid 
is chiefly concentrated in tho corn. ,L*otiish and lintc, 
are present in much smaller quantity than in otlnu' 
crops; they are chielly found in tho straw. 

The presence of a large amount of silica is charac¬ 
teristic of gramineous crops; they posHcss apiiamntly 
a capacity for feeding on silicates not (snjoyed by other 
crops. The base of tho silicate is made use of by the 
plant, while the silica itself is excreted upon the siirfaco 
of the leaves and straw. It has boon slmwii tliat 
silica is by no means essential for tho growth of cereals; 
they take it np freely, but can also do without it. 

Owing to their small demands upon the soil, and 
possibly also to their capacuty for assimilatiiig Hilitud,<^H, 
cereal crops will for a long limo continuu to yield a 
moderate produce upon oxhaustcul, unmanured land ; a 
a fact of groat importance to the human nu'c. 

Tho autumn-sown ccrcsals (whe-at aiul ryti) have 
both deeper roots, and a longer period of growth 
than the spring-sown cereals (i)arl()y and oats), atul 
arc consequently bettor able than tho latter to supply 
themselves with tho necessary ash coustitiKuitH from 
tho soil. 

Tho spring tillage for barley and oats aids uitriCiea- 
tion in tho soil, and cousoquontly less nitrogcuioim 
manure is required for these crops than for wheat. 
Maize is not only spring-sown, but has also a much 
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later period of growth than the cereals already 
tioned, and will thus have command of the nitra^ 
produced during the whole summer. Owing proba'i 
to this fact it is a crop much less dependent on nit 
genous manure than wheat. 

As cereal crops derive their nitrogen almost exo 
sively from nitrates, and are dependent (save in 
case of maize) on the quantity of these salts occurx'i 
in the soil before the middle of summer, they ra .2 
notwithstanding the small quantity of nitrogen wlni 
they contain, among the crops most benefited by nit; 
genous manures. Phosphates,. though generally* 
little use by themselves, are also beneficial (especi cl 
in the case of spring-sown crops) when applied w: 
nitrogenous manure. For wheat, superphosphate 
slag may be ploughed in before drilling the seed, a* 
nitrate of sodium applied as a top dressing in sprix 
For barley and oats, sulphate of ammonium eu 
superphosphate may be harrowed in immediately I 
fore sowing the seed. When malting barley of hi, 
quality is to be produced the supply of nitrogen o 
manure must be carefully limited. Nitrate of sod it:] 
always gives a larger return in straw than sulphato 
ammonium. 

Meadow Hay .—The grasses which form the mo 
bulk of hay belong to the same family of plants as "fc’ 
cereal crops; the seed, however, in grass bears such 
small proportion to the stem and leaf that meadow lx 
may be regarded as a straw crop. In accordance wi 
this character hay is found to contain a much larg 
proportion of potash and lime than cereal crops, 
a much smaller amount of phosphoric acid. 

The roots of grass being far shorter than those 
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the cereals are less able to colloofc ash onnstituents 
from the soil; if, thomforc, grass is mown for hay, 
inaniircs containing potash, linu;, and pliosphoric acid 
will be required. Owing to tlio aec.nnmlation of humic 
matter in the surface soil of grass land it lausonu^s after 
many years iinpoverislied in lime, wliioh is dissolved, 
and removed in. tlie drainage! water; dressings of lime., 
chalk, or basic slag, will in siicb cases gniatly improve 
its fertility. Like the caireal croiis, grass is g'reatly 
increased in luxuriance by the application of solubhi 
nitrogenous manures. 

I’armyard manure, or tlic feeding of cake, corn, or 
roots on the laud, is the mo.st appropriate iiuuiuring 
for permanent pasture, if a high quality as well as 
quantity of produco is desired. Largo crops of hay 
maybe obtained by manuring with nitrato of sodium, 
together with kainito and superphospliato; but sucli 
treatment produces a coarser liorbago. 

The natural clovers of a meadow aro dosiroyial 
by the continued application of highly nitrogenous 
manures, and especially of ammonium salts, a liny 
consisting almost cxolnaivoly of grass being prodiieeci. 
The clovers aro developed by tlic application of ma¬ 
nures supplying potash or lime without nitrogen; basii! 
slag is of great use for this purpose. The olfe.ct of 
pasturing with sheep or cattlo is to chock tho develop¬ 
ment of coarse herbage, and to promoto tho growth of 
the finer grasses and clover. 

The perennial character of meadow horhago, wliicli 
usually includes a variety of logumiuous jilants, pre¬ 
sents favourable conditions for tho collection of nitro-gm 
from the atmosphere. Land is often laid down tem¬ 
porarily to grass with tho view of rustoring its fertility. 
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£egiuniuous Crops. —Somo of these arc grain crops, 
as hesans and peas ; otlicrs aro fodder crops, as red 
(dover, sainfoin and lucornc. A striking characteristic 
of all tluiHo crops is tho largo amount of nitrogen 
which they contain, tho quantity being about twice as 
gr(!at as that found in cereal crops of tho same weight, 
'riu! quantity of potash and lime in leguminous crops 
is also very larges. Tho rclativo proportion of these 
two bases varies much in crops grown on different 
soils ; upon a calcareous soil lime will preponderate in 
the crop, but on a clay soil potash. The lime is found 
chiefly in tho leaf. Silica is nearly absent in legu¬ 
minous crops. 

Tho amount of nitrogen collected by leguminous 
crops is vary remarkable. A good crop of clover, when 
cut for hay, removes a largo quantity of Jiitrogon from 
tho land, hut it nevertheless leaves tho surface soil 
actually richer in nitrogen tlian it was before, from 
tho residue of roots and stubble left in the soil. From 
whciico is this largo quantity of nitrogen obtained? 
It must bo procured either from the subsoil or the 
atmosphere. Tho question is made more puzzling by 
tho fact that nitrogenous manures generally produce 
hut little cjfhict upon higuminous crops. It seems now 
quite cuu-tain that loguminous crops possess in thoir 
root-tiihcrcl<!H an apparatus cnpahlo of bringing the 
nitrogen of the atmosphere itito combination. The 
sp(icial agent residing in those tubercles is a micro¬ 
organism derived from tho soil (see p. 11). When 
attompting to grow a Ic^guiuinous crop for tho first 
time on a hitherto uufertilo peat or sand, it has been 
found advantu,goons to scatter on tho land a little soil 
which has already grown the leguminous crop in ques- 
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tion, and tlnis siipply the nooasRary orpaiiiHia. On 
soils long cultivated such tniatiueiit is scildmu kiiccuwk- 
fnl. Apart from tlio tuborcleH, liigiiniinoim plants are 
nourislicd in the ordinary way tliroiigli tlu'.ir root-liiiirH, 
and a dooply-rootcd plant, lilce ml clover or liiei-nH!, 
obtains considerable food supplies from the. subsoil. 

Except in tbo case of extraordinary rieb sctils, land 
loses tbo power of growing most leguminous jilaiitu l)y 
repeated cropping with tliem, and is said to be “ e.!ov<‘r 
sick” or “bean sick.” The origin of tins bfuaxmiH^KH 
has not yet been satisfactorily explained ; it is gener¬ 
ally intensified by an attack from insects on the. weak¬ 
ened plant. No means of remedying this condition is 
known save by the growth of other crops for He.V(U'al 
years. 

Potash manures and suporphosphatci have generally 
a very beneficial effect upon Icgunn'nouH crops; they 
fail, however, to cure clover sickin^ss. l*’arinyurd 
manure, gypsum, and lime are abio scrvi(!ual)l(!. 

Root Crops. —All tlieso crops contain a large amount 
both of nitrogen and ash constitiuints; among the 
latter potash greatly pn'pondc'.rates. Turnips contain 
more sulphur than any other farm crop. 

Turnips and swedes draw tludr food chiefly from tbo 
surface soil. The land recasives an abimdmit till!i.<;o 
before sowing the seed, and the crops ar<j ho<'d aflcr- 
wards; they remain also in possession of the seal till 
the end of autumn. Under these circuuiHtances they 
display a groat power of taking up nitrogen from tho 
soil. Turnips arc also well abki to supply themselvcH 
with potash when growing in a fertile soil, but they 
have singularly little power of appropriating the cum- 



80 


THE OHEMISTBY OF THE FABM 


bined phosphoric acid of the soil. On, exhausted land 
it is generally impossible to obtain a crop without the 
use of a phosphatic manure, which is generally drilled 
with the seed. Superphosidiate or basic slag may be 
used for this purpose. 

MangcU have far deeper roots than turnips, and 
also a longer period of growth. They have a groat 
capacity for drawing food from the soil, including 
nitrogen, potasli, and phosphoric acid. When carted 
off the laud they are probably the most exhaustive 
crop that a farmer can grow. As mangels have not 
the same difficulty that turnips have of attacking the 
combined phosplioric acid of the soil, phosphatic 
manures arc, in their case, of much leas importaj,ice. 
Nitrate of sodium, when applied alone to mangels, 
generally produces a grc'.at criect on the crop ; this is 
not the case with turnips, wliich require pliosphates 
as well as nitrogen in tlicir manure. 

As both turnips and mangels consume extremely 
large amounts of plant food, a liberal general manuring 
with farmyard manure is, in most cases, essential for 
the production of a full crop; but the special charac¬ 
teristic of the manure for turnips should he phosphatic, 
and of that for mangels nitrogenous. When largo 
crops are to be grown potash manure must not be 
omitted. With an abundant supply of nitrogenous 
manure the proportion of leaf is increased, and the 
maturity of the root delayed. A heavily-manured 
crop should be sown early. Late-sown crops of 
roots should receive a smaller proportion of nitrogen 
in their manure. 

When beetroot is grown for sugar it is essential to 
produce small roots/ heavy mamiring is therefore 
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avoided, and the roots grown near together, 'i'ho 
application of sulpliato of potasHium and Bupei'iilin.-i- 
piiate is generally necessary if roots containing a largo 
percentage of sugar arc desired. 

Potatoes are surface feeders, and rcq[inre a lilHU’al 
general manuring to ensure an ahundant crop; fann- 
yard manure is thus gcniei'ally cnii)Ioyed. Very goud 
results are given by a mixture of snlpliato of iunninniiini, 
auperphospbato and sulpliato of p>otasyium pluiighed in 
before sowing. 

Forest Growth.— Tbo figures given in tbn t!i.bln 
represent the composition of the produce of beoidi, 
spruce fir, and Scotch pine forcstH felled for tiinher, 
and are tlio results of extensive investigations made in 
Bavaria. 

Tlio atnoimt of dry matter in the annual fornst 
growth is in excess of that yieldcsd by any of tiio 
cultivated crops given in the table, excepting mangels. 
This largo produce is obtained by a very Hiuall <;on- 
Bumption of soil food; the amounts of ]>otasli and 
pliosplioric acid required are ospocially far ie.ss than in 
the case of any farm crop. The greater part both of 
the ash constitnents and nitrogen annually aHsimilatcil 
is returned to tlio soil in tho fallen loaves ; if these are 
left undisturbed, and allowed to manure tbo ground, 
the rcquireinents of tho forest heconio extremely smail, 
far smaller than in ordinary farm culture. It apiieani 
that about 3,000 lbs. of perfectly dry pine timber .'ire 
produced with a consumption of only ‘Jt ibs. of pcitiudi, 
and 1 lb. of phosphoric acid per acre per annum : with 
beech timber the iiuantitios required are. ratluir lar;;e.r. 
The amount of nitrogen in timber is very small; tho 
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animal growlih of bcccli wood contains on an average 
about 10 lbs. per aero. Tbo amount in tbo leaves and 
seeds is much more considerable. Forest trees do not 
produce seed till they are of mature ago; the seed is 
formed at the expense of matter previously stored in 
tiie tree. 'When the litter is not removed, the surface 
soil will gain considerably in organic matter (contain¬ 
ing both ash constituents and nitrogen) during the 
earlier years of forest growth, and thus greatly improve 
in value. 

Adaptation of Blannros to Crops — Manures can be 
used with true, economy only when wo are acquainted 
with the special characters of the crops wo cultivate, 
triio composition of a crop is no snfiicicnt guide to 
tlio character of the manure appropriate to it, even 
when wo possess in addition tho composition of the 
soil on which it is to be grown. It is not only the 
materials required to form a crop, but the power of 
the crop to assimilato these materials, which must 
form the basis of our judgment. This fact has been 
miuih overlooked by many scientific writers, who have 
counselled farmers to manure their land in every case 
with all tho constituents required by the crop, a pro¬ 
ceeding both impracticable and unnecessary. In the 
casci of a harrou sand it may indeed ho requisite to 
Bvipply all tho constituents of plant food before a crop 
can bo grown, but such a case is far removed from the 
circumstances of ordinary agriculture. 

■When land is in a fertile condition the total amount 
of plant food available for crops is very considerable, 
and luxuriant growth may be obtained by supplement¬ 
ing the stores of tho soil with the few particular 
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elements of food which the crop it is wished to grow 
has most difficulty in obtaining. Thus, in a largo 
majority of cases, a dressing of nitrate of sodium and 
phosphates will ensure a full crop of wheat, barley, or 
oats, and in many cases nitrate of sodium alone will 
prove very effective. These cereal crops generally find 
the supply of nitrates in the soil insufficient for their 
full growth, and the supply of phosphates more or loss 
inadequate ; but in a majority of cases they arc well 
able to obtain a sufficient supply of potash and many 
other essential elements of plant food. Wc are tlius 
able, by supplying one or two constituents of the crop, 
to obtain a luxuriant harvest. In the same way 
nitrate of sodium employed alone will, in most cases, 
produce a large crop of mangels; superphosphate alone, 
a large crop of turnips; while potassium salts alone 
may be strikingly effective with pasture and clovers. 

This special manuring for each crop is no strain on 
the capabilities of the soil if a rotation of crops be 
followed. If superphosphate is applied for the turnips, 
potassium salts for the seeds, and a nitrogenous manure 
for the cereal crops, the more important elements of 
plant food contained in the soil will not be dirainiHlind 
at the end of the rotation. At the same time the most 
economic result will have been obtained from the 
manures employed, for each manure will have been 
supplied to that particular crop with which it yields 
its most remunerative return. 

It is doubtless possible by means of rotations 
manured on the above principles to farm succefisfully 
with the sale of all the crops produced, and without 
the use of farmyard manure; this is possible at ksast 
so long as artificial manures can be obtained at a low 
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price. In the majority of cases, however, the special 
manuring will only he required to supplement the 
general manuring by farmyard manure. Under these 
circumstances it would seem best, from a chemical 
point of view, to apply the farmyard manure to those 
crops which most require potash, or which stand most 
in need of a general manuring; such crops would be 
meadows mown for hay, artificial grasses, turnips, and 
potatoes. 

As the whole object of artificial manuring is to 
supplement the deficiencies of the soil, it is highly 
desirable that a farmer should ascertain by trials in 
the field what is the actual amount of increase which 
he obtains from the application of the manures he 
purchases. A few carefully made experiments will 
teach him what his land and crops arc really in need 
of. Should he use superphosphate as well as nitrate 
of sodium for his wheat? What dressing of the 
nitrate is most economical ? Is superphosphate alone 
sufficient for his turnip crop, or should ammonia or 
nitrate he employed as well? What is the smallest 
quantity of superphosphate sufficient for the crop? 
Will it pay to use potassium salts for his seeds, his 
pasture, or his potato crop ? Tliese and many other 
questions can only be answered by trials on bis own 
fields. On tlio farmer’s knowledge of such facts will 
depend the economy with which ho is able to use 
purchased manures, which are by some wastcfully 
employed. 

laiflneiice of Climate and Season.—The influence of 
weather upon crops is far greater tlian the iniluouce of 
manure* 
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As a plant contains water as its largest constituent, 
Qjiid as the whole of the plant food obtained from the 
soil is taken up through the medium of water, while 
tlie amount of water daily lost by the plant through 
evaporation is very large, the necessity of a large 
supply of water in the soil during the growing period 
of a crop is very evident. The supply is often insuffi¬ 
cient, as is shown by the much larger crops grown by 
irrigation. On the other hand, an excess of water in 
the soil prevents root development, and much percola¬ 
tion causes a loss of nitrates and other soluble plant 
foods in the drainage water. Deeply-rooted crops, as 
wheat, red clover, lucerne, sainfoin, and mangel, are 
those best fitted to resist drought; . while shallow- 
rooted crops, as grass and turnips, are those which 
suffer most from it. 

“We have already seen that carbon, which forms 
the largest ingredient of all vegetable substances, is 
obtained by plants from the atmosphere under the 
influence of light, and that a certain temperature is 
necessary for this assimilation of carbon, and for the 
other chemical processes which proceed in a growing 
plant; a sufficient supply of light and heat is therefore 
required for the production of a crop. In a season of 
deficient light and heat the harvest is always late, 
growth having taken place more slowly than in an 
average season. In the case of extremely cold and 
cloudy summers the whole season may be too short 
for maturing the crop, and the seed in consequence 
may never be fully ripened. Early sowing is generally 
advisable, as a longer period for growth is thus 
afforded to the crop. 

As the character of the season determines the degree 



86 


TUB CHEMiSTBY OB THE FARM 


of maturity reached at harvest, it has necessarily a 
great influence both on the composition and quality 
of the crop. A fine malting barley, rich in starch, 
can only be produced in a fine season ; any^ im¬ 
perfect ripening, produced either by cold, wet weather, 
or by the premature drying of the grain during severe 
drought, will result in the production of grain poor 
in starch and relatively rich in nitrogenous matter (see 
further, pp. 1C, 137). 

Each crop requires more or less a different climate 
for its perfect development; a knowledge of the kind 
of climate best suited to each crop is of great service 
in selecting crops for any particular district. Thus 
wheat requires hot and dry weather for its ripening 
period, while oats will ripen in a moist atmosphere. 
Mangels require heat, and can resist drought, while 
turnips develop best in a cool, moist air. Oats and 
turnips thus best suit the Scotch climate, while wheat 
and mangels are better fitted for the south-east of 
England. 

The soil best furnished with plant food is the one 
which will yield the best results in adverse seasons, 
the crop having a greater amount of vitality, and being 
able to turn to the best advantage the short periods of 
favourable weather that may occur. Poor soils yield 
their best results in seasons of slow but continued 
growth, the crop having a longer time to collect the 
scanty supply of food which the soil contains. In 
hot seasons, with an early harvest, only soils well 
supplied with food can produce full crops. 

The character of the autumn and winter has a con¬ 
siderable influence on the crops of the following summer. 
In wet autumn or winter the soil may lose nitrate? 
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by drainage to a large extent. Eoot development will 
also be prevented by excessive wet. After such a 
winter the wheat crop generally is in a backward 
condition, and finds itself in an impoverished soil. 
A top dressing of nitrate in the spring is in such cases 
of the greatest value. On the same land, after a dry 
autumn and winter, no application of nitrate may be 
required. In climates having a very severe winter 
the nitrates are preserved from loss by the frozen 
condition of the soil. In spring the melted snow is 
removed mostly by surface drainage, the soil beneath 
being still frozen; the water produced by the snow 
consequently does not remove the soluble matter of 
the soil. 

Crop Uesidues.—The portion of the crop left in the 
soil after harvest serves most important functions ; 
on this residue (apart from actual applications of 
organic manure) the maintenance of the humus, and 
consequently of the nitrogen of the soil depends. The 
quantity of residue left by different crops is very 
different. From a crop of turnips, mangels, or 
potatoes, practically no root residue remains in the 
soil; the residue, in the case of root crops is, in fact 
limited to the leaves which may remain uneaten by 
the stock. The residue of roots and stubble left by 
an annual cereal crop is rather considerable, but poor 
in nitrogen. The residues from deeply-rooted crops 
which have long held possession of the soil, as sainfoin 
and red clover, but especially lucerne, are very large, 
amounting to many tons of dry matter, and contain¬ 
ing 100—200 lbs., or even more, of nitrogen per acre. 
In the case of permanent pasture, the effect of long- 



88 


THE OHEMISTBY OB' THE BAUM 


continued crop residues is strikingly manifest, the 
surface soil containing twice as mucli nitrogen, and 
more than twice as much carbon, as ordinary arable 
land. In the case of a pine forest, the accumulated 
residues of dead leaves, &c., arc also very large; 
chiefly by their means bare rock is often transformed 
into fertile soil. It is obvious that the more luxuriant 
a crop the greater will be the crop residue. A series 
of good crops thus tends to enrich the soil with 
nitrogenous humus, while under a series of bad ci'ops 
the soil will diminish in fertility. At Eothainsted 
the normal percentage of nitrogen and carbon is main¬ 
tained in the soil where large crops of wheat are 
continuously grown with purely inorganic manures; 
but the soil has become greatly impoverished wliero 
no manure, or where an insufflcicut manure, has been 
applied (see p. 102). 

Weeds.— The weeds of a farm form a natural crop; 
their influence is at times beneficial, and at times 
injurious to tho farmer. That some vegetation should 
grow on the laud in tho absence of a regular crop is 
most desirable. Tho rapid growth of weeds after 
harvest will greatly diminish the loss of nitrogen by 
drainage, and bo of use in other ways as a green crop. 
"When the weeds are ploughed into tho soil tho valuable 
matter stored up by them again becomes available as 
plant food. On tho other hand, it is obvious that a crop 
will have little chance of obtaining plant food, or oven 
water, if it has to compete with growing weeds which 
have obtained earlier possession of tho soil. The best 
plan is apparently to destroy weeds, and to obtain the 
important benefits they yield by a judicious use of 
green crops, sown so as to occupy tho laud after 
harvest (see p. 101). 


CHAPTER V. 


BOTATION OF CEOPS. 

The aim of rotations. -Bare Falloio.—'Enoois on the soil—Procluction 
of nitrates. Green Crojps. —^Effects of feeding on the land, or 
ploughing in—-Gain of nitrogen to the soil hy laying down land in 
grass, or in leguminous crops—Advantages of groon manuring. 
BistinctiDe Characteristics of Groups. —Differences in periods of 
growth, range of roots, powers of assimilation, and quantity of 
food demanded. Bosses to the Land during Rotation. —Losses in 
an assumed four-course rotation, how replaced—^Losses of nitrates 
—Gain of nitrogen from the atmosphere—Economy of nitrogen— 
Use of catch crops—Sale of produce other than corn and meat. 
Equilibrium in Soils. 

It is by no means impossible to grow the same crop 
with success year after j^ear on the same land; ordinary 
pasture is, indeed, an example of continuous cropping. 
The Rothamsted experiments show that excellent crops 
of wheat, barley, and mangel may be continuously 
obtained if appropriate manures are annually applied, 
and the land kept free from weeds. A rotation of 
crops is resorted to in ordinary practice in consequence 
of the facilities which such a plan affords for cleaning 
the land, and from the greater economy of manure which 
results from this practice. One of the principal aims 
of a rotation is to bring the land from time to time 
into a condition suitable for growing cereal crops ; this 
suitable condition consists mainly in the accumulation 
of nitrogenous plant food in the surface soil 

Bare Fallow.— A bare fallow is one of the oldest modes 
of preparing land for wheat. The soil is repeatedly 
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ploughed, and exposed a whole year to atmospheric 
influences, and finally sown with wheat. In the case 
of a clay soil this treatment would probably lead to the 
following results : (1) An improvement in the mechani¬ 
cal texture of tlio soil. (2) The storing of water in it. 
(b) Tlic disintegration of some of the mineral silicates, 
whereby potash and otlier necessary ash constituents 
of plants would be liberated and made available for 
vegetation. (4) The absorption of some ammonia from 
the atmosphere by the soil. (5) The oxidation of 
ammonia, and of the vegetable and animal remains in 
the soil, carbonic acid and nitrates being produced. 

The production of nitric acid is one of the most 
important results of a bare fallow. In ordinary farm 
soils at Eothamsted, left as bare fallow, there has been 
found at the end of the summer 3J—55 lbs. of nitrogen 
per acre in the form of nitric acid (equal to 218—352 
lbs. of nitrate of sodium) in the first twenty inches 
from the surface, the quantity depending on the rich¬ 
ness of the soil in nitrogenous matter, and the character 
of the season. The whole amount of nitrates pro¬ 
duced during the fifteen months tliat the land remains 
without a crop has been estimated at not less than 80 
lbs. of nitrogen per acre for the fields under ordinary 
cultivation at Eothamsted.^ Supposing the season of 
fallow, and the following autumn and winter, are 
fairly dry, this increase in the availahlo nitrogenous 
food will probably enable the soil to produce twice as 
much wheat as it could do without a fallow. If, how¬ 
ever, the soil is exposed to heavy rain, the nitrates 


* A nearly similar auantiby of nitrates will often be available to crops 
such m turnips, for which the land receives a summer tillage. 
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produced will be more or less washed out, and the 
benefit of the fallow greatly diniinished. A mass of soil 
at Botbamsted, five foot deep, loft for thirty yearn un¬ 
cultivated, unmaiiured, and kept free frtjiu wcsnls, lias 
lost by drainage in tlu! last twenty-three years from 
15—GO lbs. of nitrogen in the form of nitratiis pet aero 
per annum, the loss .being least in dry seasoun and most 
in wet ones. Bare fallow can ho used with advantage 
only on clay soils, and in a tohirahly dry climate; with 
a large rainfall the practice must result in a serious 
loss of soil nitrogen. 

Green Crops.--Tho most usual plan for bringing laud 
into condition for the growth of cereals is tlio cultiva¬ 
tion of green crops. Tlieso may ho plouglicid in, form¬ 
ing what is termed green manuring; or coiisiiinod on 
the land by the farm stock; or the (uvip may bo 
removed, consumed in cattle-sheds or iii the fii.rmyai-d, 
and the resulting manure brought on to the laud. 
The principle izr every case is that the constituonts of 
the crop shall bo returnc.d to thci soil, d’ho consump¬ 
tion of the crop off tlu* land, and tins bringing liack 
of fartziyard manure, is tlio most imporfoet of tlu'se 
znodcs of rcstoz-ation, owing in tho losses which (uscuc 
during the making of farmyard manure. 

Let us suppose that laud is laid down with grass nnd 
clover seeds, and after two or three yeai’s is plougliod 
up and a cereal crop taken. Wliilst the laini is con- 
tinuozisly covered by vegzitatiou the loss of nitrafns 
by drainage will bo reduced to a tuiniimim. If the 
grass is fed off on tlxi land tho surface soil will at the 
end of the three years he considerably e.mhdmd both 
\vith ash constituents and nitrogen. The former have 
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boen collected from the sribsoil by the roots of the crop 
and returned to the surface soil as animal manure. 
The latter includes the accumulated receipts from the 
atmosphere and subsoil during the three years, minus 
the quantity lost by drainage and that assimilated by 
the animals. The accumulated nitrogen will be chieily 
in the form of grass roots and stems, and humus. 
When such land is ploughed up, the vegetable matter 
and humus are oxidised, and gradually 3 rield their nitro¬ 
gen as nitric acid; the ash constituents which they 
contained are at the same time liberated, and become 
once more available as plant food. 

Such a mode of cropping has several advantages 
over a bare fallow: (1) The land is turned to profit¬ 
able use, food being produced for the farm stock. (2) 
Both ash constituents and nitrates are collected from 
the subsoil and brought to the surface. (3) Nitrogen 
is acquired from the atmosphere by the crop, as well 
as by the soil; this is especially true if leguminous 
plants are grown. (4) The nitrogen collected is kept 
in an insoluble form, as vegetable matter, and conse¬ 
quently cannot be washed away, but accumulates in 
the surface soil to a greater extent than is possible in a 
bare fallow. (6) Humus is produced in considerable 
quantity, the beneficial actions of which have already 
been noticed. 

As an illustration of the accumulation of nitrogen in 
the surface soil when land is laid down permanently in 
grass, we may refer to the arable land laid down to grass 
at Eothamsted, which gained nitrogen during thirty- 
three years at the rate of about 52 lbs. per acre per 
annum. This land was regularly manured with farmyard 
and artificial manure. Taking into account the quantity 
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of hay remoYed, the greater part of this increase of 
nitrogen in the soil could not be accounted for by the 
quantity applied as manure ; it was, in fact, to a large 
extent derived from the atmosphere. 

Leguminous crops, as already mentioned, have a 
special power of acquiring nitrogen from the atmo¬ 
sphere by means of their root-tubercles, and are hence 
of the greatest value in a rotation. The accumulation 
of nitrogen in the surface soil in the form of roots, 
stubble, and decayed vegetable matter is, in the case 
of a good crop of clover, so considerable, that the 
whole of the above-ground growth may be removed as 
hay, and the land yet remain greatly enriched with 
nitrogen and in an excellent condition for producing a 
crop of wheat. The growth of leguminous crops is 
the most important means which a farmer possesses 
for enriching his arable land with nitrogen. 

The ploughing in of green crops has some advan¬ 
tages over the feeding of crops on the land. By 
this mode of proceeding the whole of the crop is re¬ 
turned to the soil, whereas in feeding a small part of 
the nitrogen and ash constituents is retained by the 
animal. The characteristic advantage of green manur¬ 
ing lies, however, in the large amount of humus 
which the soil acquires. All the carbon which the 
crop has obtained from the atmosphere is in this case 
incorporated with the soil, instead of being consumed 
by the animal. Green manuring is thus especially 
adapted for light, sandy soils, which need humus 'to 
increase their retentive power. It is employed with 
great advantage to fertilise barren soils in hot climates. 
Leguminous crops are clearly to be preferred before 
all others for the purpose of green manuring, as in 
their case nitrogen is obtained from the atmosphere. 
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Having glaiicod at the general advantages to he 
derived from alternating green crops with cereals, we 
will consider next the cliaractcristics of different crops 
which specially lit them to succeed or prepare for each 
otlicr. 

Bistiiictive Cliaracteristics of Crops. — Differences 
in their periods of growth occasion a niarhed distinc¬ 
tion in the relation of different crops to soil nitrogen. 
Thus the fact that tlie active growth of the cereals 
commences in spring, and concludes at their time of 
blooming towards the end of June, places these crops 
at a disadvantage as to the supply of nitrates from the 
soil. The autumn and winter rains have frequently 
washed out the greater part of the nitrates contained 
in the soil before the growth of the cereal crops com¬ 
mences, and nitrification in the soil has not long 
recommenced its activity in the summer months wlicn 
the crop becomes too mature to appropriate fresh 
supplies of nitrogen. Continuous wheat-cropping tlmS' 
results in a gradual impoverishment of soil nitrogen 
by autumn and winter drainage, over and above the 
nitrogen actually removed in the crops, and thus 
necessitates a continual application of nitrogenous 
manures if fertility is to be iriaintaincd. Maize, with 
its much later period of growth, is bettor able to supply 
itself with nitrogen from the soil, and yields in conse¬ 
quence a much larger crop per acre. 

A root crop sown in early summer, on the other 
hand, has at its disposal all the nitrates that would be 
available for wheat or barley, and, in addition, the 
large supply of nitrates formed in the soil during 
summer and early autumn. A great part of the 
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nitrates which would be lost by draina^je during cereal 
cultivation is thus assimilated and retained l)y a ro(»t 
crop, and such crops are found to stand in Icbb ncuul of 
nitrogenous manure than cereals. By consuming the 
roots on the land the nitrates boliccted by the crop are 
returned to the soil in the form of animal manure, and 
the land thus prepared to carry a cereal crop. Himilar 
remarks might bo made respecling otlicr grtuin crops 
whose active growth extends into the autumn.^ 

Another important difference heivveum crops lies in 
their range of roots. Dcciply-rooted crops, as lucenu^, 
sainfoin, red clover, rape, and mangel, and among the 
cereals, wheat and rye, are to a considerable extent sub¬ 
soil feeders, and have a greater power of obtaining ash 
constituents from the soil than shallow-rooted crops, as 
white clover, potatoes, turnips and barley. In accor¬ 
dance with this we find that superphospliato is a vary 
effective manure for the last-named croj)s, but is much 
less required by such crops as mangel or wheat. By 
growing deeply-rooted crops as part of a rotation the 
subsoil is made to contribute to the goiuu'al fertility. 
Shallow-rooted crops, on tlic other hand, have generally 
a special faculty for appropriating food accumulated at 
the surface, and are often of great use in tin's rospoct, 
as when barley is made to follow turnips fed off on 
the land. 

Very little is definitely known as to the different 
capacity of different crops for assimilating various 
forms of plant food, but there can be no doubt that 
this forms one of the most important distinctions 


* Tho writor was indebted to Sir J. B. Lawos for Ibo important idcai 
contained m the two preceding paragraphs. 
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between various crops, and is one reason of tlie 
economy of a rotation. A very plainly-marked dis¬ 
tinction as to mode of feeding is afforded by tbe 
beliaviour of various crops towards silica. Gramineous 
crops, as the cereals and grasses, are apparently capable 
of assimilating certain of the silicates contained in the 
soil, while other crops exhibit no such capacity. In 
such a case it is easy to imagine that an alternation 
of cereals .with crops of a different description may be 
for the benefit of both, each drawing to some extent 
upon distinct supplies of food. Again, leguminous 
crops are clearly able to assimilate nitrogen to a far 
greater extent than cereals, and from a different source. 
If crops of winter beans and winter wheat are grown 
on similar unmanured land, the bean crop will gene¬ 
rally contain twice as much nitrogen as the wheat. 
The land is not, however, impoverished for wheat 
by the growth of beans, for wheat after beans will 
be a far better crop than wheat after wheat, thus 
affording a striking example of the advantages of a 
rotation. 

The quantities of plant food required by different 
crops are given in the table on pp. 72-74; these 
also furnish reasons for the alternation of crops. It 
will be seen, for example, that the cereals require but 
little potash and lime,‘ while root crops, beans, and 
clover demand a large supply; it is obvious, therefore, 
that the resources of the soil are husbanded by grow¬ 
ing these two classes of crops in alternation, the 
greater demand for potash and lime thus falling every 
alternate year. 

The net result of a judicious alternation of crops, in 
which the special characteristics of each are turned to 
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good account, is the production of a niaxitmim total 
yield of produce with a minimum amount of manuro. 

Losses to the Land during Rotation.— Tlio table 
showing the composition of ordinary farm crops will 
supply the requisite information as to tho loss which 
a farm may suffer by the sale of individual crops. Wo 
will now consider briefly the losses during a rotation. 

The conservation of plant food on a farm is gtmerally 
effected by confining the exports to corn and nuiat, 
the rest of the produce being consumed on the farm, 
and the manure returned to the land. Lot us assumo 
that a farm is managed on the four-courso system, and 
that the average crops obtained per acre are—swodos, 
14 tons; barley, 40 bushels; seeds (half clover, half 
grass), 3 tons of bay; and wheat, 30 busliels. Further 
that two bushels both of wheat and barley arc returned 
to the land as seed. If the whole of this produce w(U-o 
removed from the land, the average annual loss would 
amount to 73 lbs. of nitrogen, 22 lbs. of phosphoric 
acid, and 61 lbs. of potash per aenj. If, on llui otln'r 
hand, only corn and meat are sold; if wo assunu^ that 
700 lbs. of linseed cake are fed with eacdi acre of 
swedes ; that 110 lbs. of oats arc purcliaBcd per acre 
per annum for the horses ; that half a ton of straw is 
fed per acre in tho course of the rotation, and the 
rest used as lifter; and that the whole of tho manure 
annually produced is returned without lass to tho land ; 
then the quantities of nitrogen, pliospboric acid juul 
potash lost to the farm per acre during tlui four years' 
rotation, as the excess of exports over imports, will he 
as follows:— 
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KKTIMA'I’MI) LOSHIOS I’KU AOHIS DUiUNO A POUR-COUBSE 
ItU'I'A't'lON BY SALE OP OOllN AND MKATJ 



Nitrogen 

l^lioHplioric 

Add 

Potasli 


lbs. 

lbs. 

lbs. 

By ftHulhig BW(*cl(^M, 14 taiiH 

6-8 

4*03 

0*61 

By Haiti <4 hai'kiy, bunholn 

82*8 

14-85 

9*60 

By fcHulhig miculH, 8 tonn oC hay ., 

10’9 

6-51 

0-82 

ialu of whoat, 28 huHhoIs 

80-8 

13 85 

9-05 

By fetidiug «traw, J ton *. 

1-2 

0-72 

0 09 

niatuiro from 440 Ihs. 

82*0 

88-OG 

20-07 

oaU, atid 700 Ibn, oilcako 

86’5 

12-74 

10*70 

Total loHB ill 4 ytuu'H 

46-5 

2G-22 

9-37 

Avorago lorn each yoar 

11*4 

6-56 

2-84 


'I’ho loss of potash is hocu to be extrc Tuely small, aud 
may gtjacnilly bo quite disregarded. If, however, no 
cako is used, and the land is poor in potash, the loss 
might be replaced l)y tlie use of H cwt. of kainite for 
the H(!(uls. The loss of potash will, of course, be 
greater than wo have stated if urine has run to waste 
in the stables, or if the farmyard inaimrohas suffered by 
rain and draiiuige. 

Tlie loss of pliosphoric acid would be replaced, even 
if no cake W(!ro employed, by the use of 2 cwts. of 
superphosphate for tlio swedes. 

' It iH ftHHumod thiit tho crops arc ooriHumod by slioop and oattlo o£ 
all agin, and not simply by futboniug stock. 
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The loss of nitrogen is seen to be more coriHidorablo 
than the loss of phosphoric acid or potash. The 
figures given are also certainly below the truth, as 
they take no account oiLluir of loss of nitrogen in the 
manure, or of the nitrates lost to the soil by (lra.iiuig(^. 
If the losses of nitrogen in the stable, and tlio m?umre 
heap, amount to one-half of the nitrogevn voided by 
the animals (a case which is by no moans iini)r()l>abl(0, 
the annual loss of nitrogen will bo raised to 4‘2 lbs. 
per acre. 

The average annual loss of nitrogen as nitrjitc^H l>y 
drainage from the soil (calculated from tho (uanposi* 
tion of uncontarninated spring and well wattU’s) is in 
England not less than 7 lbs. par acre. On arable land 
the loss, especially in wet seasons, will generally much 
exceed this figure. 

Against the losses of nitrogen wo liave enumerated 
we have to place the amount annually supplied to tluj 
land by the rainfall—say, 4. lbs. per aero ; and also 
the unknown and more coxisiderablc (quantity aI)sorb(id 
as ammonia from tho atmosphere by soil and plant, 
Of far greater importance is tho Hupf)Iy of nitrog(Ui 
obtained by tlie cultivation of IciguruinouH crops, 
Where such crops can be succcBBfully grown, and 
are consumed upon the farm, there Bliould be little 
fear of a deterioration in tho lutrogououB contentB of 
the soil under the conditions of rotation wo have 
supposed. 

In the four-course mamired rotation upon ilux lu^avy 
land at Bothamstod, consisting of Hwodos, barley, clovc^r 
or beans, and wheat, tho nitrogen annually nunovcul in 
the crops, on an average of forty yesars, has c^xccHHitui 
by about 32 lbs. the quantity supplied in the manure. 
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If the cropH on tins oxpenmontal rotation should be 
ponimnontly maintainod in quantity, of which at pre- 
fiont wo cannot bo certain, we must conclude that 
tlioHo ;!2 11)H. of nitroffon, togothor with the unknown 
additional tpiantity lost as nitrate by drainage, have 
lauiu annually desrivod from tlio atmosphere, partly as 
rain, but mostly by direct absorption by the crops or 
soil. 

'I'lio loss or gain of nitrogen in the soil is, to a con- 
Biderablo extent, under the farmer’s control. Much 
may bo done to improve the land without the purchase 
of nikogoiious manures. Attention should be given to 
three points: (1) the diminution of the losses occurring 
during tlui making of farmyard manure, and (2) during 
autumn and winter drainage, and (3) the turning to 
full account thtj powtu: of leguminous crops to obtain 
nitrogevn from the atmosphere. The best treatment of 
farmyard manure has been already considered (p. 51). 
Wo will now say a few words on the remaining points. 

The losses to the soil by autumn and winter drainage 
may generally bo prevented by skilful cropping. In the 
case of a bare fallow it has been found advantageous 
to sow mustard early in August, and plough the crop in 
in October bdoro wheat sowing; the nitrogen of the 
nitrates is thus converted into vegetable matter, and 
preserved from loss by drainage. 

An ordinary rotation supplies in part the conditions 
neenU'd for the preservation of nitrates. When clover 
is sown among barley, and is loft in possession of the 
laud afksr harvest, the protection against loss of 
nitrates is complete. When, however, wheat is fol¬ 
lowed by barley or turnips, the land is left unprotected 
after the wheat harvest, and will lose large quantities 
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of nitrates during a wet antnmn or winter. Tliis loss 
may be prevented by the judicious use of catch crops. 
The wheat stubble may be sown with mustard, turnips, 
rape, rye grass, crimson clover, vetches, peas, &c. 
According to circumstances, the crop obtained may be 
ploughed in in November, or in the following spring. 
The plan may prove thoroughly effective even when 
the catch crop appears small, as the younger the plant 
the richer it is in nitrogen. The advantage is, of 
course, greater when a leguminous plant serves as the 
catch crop. Some German agriculturists have now 
adopted rotations to which no nitrogenous manure is 
applied. When the corn is hand-high a leguminous 
crop is sown among it; this remains after harvest, and 
is ploughed in deeply in the autumn or spring. The 
plants most recommended by these investigators are 
white lupins ; a mixture of Bokhara and alsike clover; 
and a mixture of red clover, alsike, and hop clover. 
The particular croppUig best suited for each variety of 
soil and climate can only be ascertained by experi¬ 
ments in the particular locality. 

When it is desired to make the utmost use of the 
natural sources of fertility, the land may be allowed 
to remain more than one year in grass and clover; 
or one green crop may be followed by another, as 
trifolium incarnatum by turnips ; or a perennial legu¬ 
minous crop may be grown for several years. The 
losses by sale of corn are thus diminished, and the 
land is kept for some time under conditions favourable 
to an accumulation of nitrogen in the surface soil. 

We have supposed that only corn and meat are 
sold off the land during the rotation ; it will often be 
profitable to sell a larger part of the produce and to 
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purchase manure in its place. The sale of straw will be 
attended with little practical loss on heavy land ; but 
on light land both the loss of potash, and the diminu¬ 
tion in the bulk of the farmyard manure, will be more 
or less felt. The sale of hay or roots is far p.iore 
exhaustive and, except on the most fertile soils, must 
demand a considerable purchase of manure or cattle 
food to replenish the soil with plant nourishment. 

ISquilibrium in Soils. —The gains of nitrogen in a 
soil laid down to pasture proceed to a certain point and 
then cease. The annual application of a heavy dress¬ 
ing of farmyard manure to arable land will increase 
for many years the nitrogen in the soil, but the in¬ 
crease annually becomes less, and at last ceases.- On 
the other hand, if arable land in high condition is left 
unmanured, and continuously cropped with corn, the 
crops will at first rapidly diminish; but after some 
years a falling off will no longer be perceived, and the 
small crop then obtained will become a fairly constant 
j quantity. In every case an equilibrium is established 
11 between the annual supply of organic matter, and the 
H quantity annually oxidised. With an increased supply 
of organic matter, as crop residue or manure, the 
quantity of organic matter in the soil increases; but 
the agents of putrefaction and oxidation—the insects, 
fungi, and bacteria—increase with the increased supply 
of food, until the decrement by decomposition is equal 
to the increment by supply. When, on the other hand, 
a soil is falling out of condition, the living organisms 
in the soil are necessarily starved, and gradually dim¬ 
inish in numbers, till their requirements are again 
exactly satisfied by the supply of root and stubble 
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annually afforded them. We have also to boar in 
mind that when the accnmulatiou of or^omic ma{.ic*,r 
has reached a certain point, the conditiouH for anacs- 
robic fermentation may easily occur during wet 
weather, resulting in denitrification, and a Iohb of 
nitrogen in the form of gas (see p, 41). 

The increased waste as the soil becomes richer is a 
point which those who farm highly should always 
bear in mind. To farm highly with profit dcunands 
more scientific knowledge and more praid/icail skill 
than when a lower standard of production is ainuul at. 
The last bushel of corn in a big crop, the hist ton of 
roots, and wo may add the last stone in weight gaimul 
by a very fat animal, costs far more to produce than 
any other. When prices run high, it may pay to pusli 
production to its utmost limit ; when profits arc small 
it certainly does not pay to do so. 



CHAPTEE VI 


ANIMAL NTJTBITION. 

The Constituents of the Animal Water, albuminoids, galatin- 

oids, horny matter, fat, and ash constituents—Composition of 
animals in various stages of growth and fattening—Composition 
of wool and milk—loss to a farm by sale of milk, cheese, and 
butter—Proportion of carcase in different animals— Composition 
of increase whilst fattening. The Processes of Nutrition ,—The 
constituents of food, their particular functions in the body and 
relative values—Digestion—Respiration—Excretion. 

In order to understand the mode in which animals 
are nourished we must first obtain some acquaintance 
with the nature of the animal body and of the pro¬ 
cesses which occur in it. 

The Constituenrbs of Animals. —The elements com¬ 
posing the animal frame are the ten already named as 
forming the essential constituents of plants (pp. 2, 3), 
with sodium and chlorine in addition. The two last- 
named elements are commonly present in the suc¬ 
culent parts of plants, but are apparently not essential 
to plant life; in the animal frame they are, however, 
indispensable. Fluorine and silicon are also always 
found in the animal body, but are not known to be 
essential for life or growth ; fluorine occurs in small 
quantities in the teeth and bones, and silicon in hair, 
wool, and feathers. 

The combustible matter of the animal body is mainly 
composed of nitrogenous substances, and of|at. 
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These contain carbon, hydrogen and oxygen; the 
nitrogenous substances contain nitrogen, and generally 
a little sulphur, in addition. 

The nitrogenous substances constituting the animal 
frame may be generally classed as—(1) albuminoids 
(proteids) ; (2) gelatinoids; and (3) horny matter. 
These three groups are related in composition, though 
differing a good deal in their properties. The albu¬ 
minoids form the substance of aninaal_nms^ and 
nerve, and the greater part of the solid matter of 
blood; they are, undoubtedly of the first importance 
in the animal economy. The gelatinoids form the 
substance of skinjiT^ all connective tissue, 

and also the combustible m^ of cartilage and b one . 
Horny matter, named by chemists K ratin. is the 
material of which horn, hair, wooL and feathers are 
constituted. The whole of these nitrogenous bodies 
contain very similar amounts of nitrogen—namely, 
15—18 per cent. Besides the nitrogenous matters 
constituting tissue, the animal juices contain a variety 
of nitrogenous substances, as sarcine, creatine, &c., 
with which we are not immediately concerned. 

The fats occurring in the animal body are princi¬ 
pally stearin, palmitin, and olein. Stearin prepon¬ 
derates in hard fats, and olein in fiiuid fats. 

Of the incombustible constituents by far the largest 
part is contained in the bones. In fat animals 75—85 
per cent, of the total ash constituents are found in 
the bones. Bone as l:i chiefly consists of phosphg^te of 
calcium, with a small quantity of caLi>qnate pf ca 
and phosphate of magnesium. In muscle by far the 
most abuhffahf a^ is phosphate jof potas¬ 

sium. Potassium salts are also abundant in tEe^ 
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yolk of unwashed wool, and in the sweat of horses. 
Blood, on the other hand, always contains a prepon¬ 
derance of sodium salts. 

The amounts of water, nitrogenous matter, fat, and 
ash constituents present in a large number of animals 
have been determined at Eotharnsted. The following 
table shows the percentage composition of eight 
animals, after deducting the contents of the stomachs 
and intestines. The fat pig was one grown for fresh 
pork, not for bacon. 


PEROENTAaE COMPOSITION OP WHOLE BODIES OP 
ANIMALS. 



Fat 

Calf 

Half 
Fat Ox 

Fat 

Ox 

Fat 

Lamb 

Store 

Sheep 

Fat 

Sheep 

Extra 

Fat 

Sheep 

Store 

Pig 

Pat 

Pig 

Water 

65-1 

66'0 

48-4: 

62*2 

61*0 

461 

371 

681 

43 0 

Nitrogenous 
matter .. 

15-7 

181 

15-4 

13*5 

15-8 

13 0 

11*5 

14-5 

11*4 

Pat 

16-3 

20*8 i 

32-0 

311 

19-9 

37-9 

48-3 

24-6 

43*9 

Ash 

3*9 

61 

4*2 

8*2 

8-3 

3-0 

31 

2-8 

1-7 


PERCENTAGE COMPOSITION OP BUTCHER’S CARCASE. 


Water 

62*3 

64*0 

46-6 

48*6 

67*3 

39-7 

33-0 

56 *3 

88-6 

Nitrogenous 
matter .. 

16*G 

17*8 

16*0 

10*9 

14-6 

11*6 

91 

14-0 

10*6 

Pat 

16-6 

22-6 

34-8 

36*9 

23*8 

46-4 

651 

281 

49*5 

Ash 

4*6 

6-6 

4*6 

8-6 

4*4 

3-5 

2*8 

2*6 

1*4 


Water is in nearly every case the largest ingredient 
of the animal body. The proportion of water is 
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greatest in young and lean animals, and diminishes 
towards maturity, and especially during fattening. 
The proportion of nitrogenous matter (ind ash tends 
to increase from youth to maturity, hut dinuniBltes 
during fattening. Fat forms in most case^B the prin¬ 
cipal solid ingredient of well-fed animalB; itB pro¬ 
portion increases very largely daring fattiuiing. 

The largest proportion of nitrogenoiiH nuittcn* and o£ 
ash are found in the ox, tlie smalloBt in the pig. Tho 
difference in the proportion of asli is chiefly duo to tlu^ 
wide-difference in the proportion of bone in tlu^BO two 
animals. Fat is found in greatest quantity in the pig, 
and is least in the ox. 

The following table sbows the quantity of nitrogen, 
and of the principal ash constituents, in tlie faHtod live 
weight of the animals analysed at liothamsted. For 
convenience of comparison each animal is asBumod to 
weigh 1,000 lbs. The table also gives tlui nitrogiUi 
and ash constituents in wool, milk, and eggs; it tlius 
supplies information as to the loss ‘which a farm will 
sustain by the sale of animal produce. The composi¬ 
tion of wool is quot(3d from (lorman analyHos. 

These figures show that the ox contains, in propor¬ 
tion to its weight, a larger amount of nitrogen, and a 
much, larger amount of plioiphoric ac lime, than 
either the sheep or pig. Of all tho animals raisad on 
a farm the pig contains the least of all tb(3 important 
ash constituents. 

The large amount of potash in unwashed wool is 
very remarkable; a fleoco must aometimoH contain 
more potash than tlio whole body of the shorn slmep. 
The German analyses quoted in tho table probably mtm 
to merino sheep. The ficccos of the four Ilampbiuri 
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Down sheep analysed at Kothamsted contained about 
6’5 per cent, of nitrogen, and yielded 2—3 per cent, of 
ash. 


ASH CONSTITUENTS AND NITROGEN IN 1,000 POUNDS OF 
VARIOUS ANIMALS AND THEIR PRODUCTS.' 



Nitrogen 

Phospho¬ 
ric Acid 

Potash 

Lime 

Magnesia 



lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

Fat calf 

• « 

24-64 

15-35 

2-06 

16-46 

0-79 

Half fat ox .. 

. • 

27-45 

18-39 

2-05 

21-11 

0-85 

Fat ox .. 

* • 

23-26 

15-51 

1-76 

17-92 

0-61 

Fat lamb 


19-71 

11-26 

1-66 

12-81 

0-52 

Store sheep .. 


23-77 

11-88 

1-74 

13-21 

0-56 

Fat sheep 


19-76 

10-40 

1-48 

11-84 

0-48 

Store pig 

• 

22-08 

10-66 

1-96 

10-79 

0-63 

Fat pig.. 


17-65 

6-54 

1-38 

6-36 

0-32 

Wool, unwashed 


64-00 

0-70 

56-20 

1-80 

0-40 

„ washed.. 


94-40 

1-80 

1-90 

2-40 

0-60 

Milk ., 

.. 

6*76 

2-00 

1-70 

1*70 

0-20 

Hen’s eggs 

•• 

20-00 

4-22 

1-76 

60-82 

1-09 


If we assume a cow to yield 600 gallons of milk in 
the year, and the milk to be sold, the loss to the farm 
will be about 36 lbs. of nitrogen, 12 lbs. of phosphoric 
acid, and 10 lbs. of potash. If the milk is made into 


' The constituents of animals are reckoned in this table on a fasted 
live weight, including contents of stomachs and intestines. 
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cheese the annual loss will bo about 28 lbs. of nitrogon, 
7 lbs. of phosphoric acid, and 1 lb. of potash. If only 
butter is sold the loss of nitrogen and ash constitucints 
will be quite insignificant. 

In a fat ox about 60 per cent, of tbo fasted live 
weight will be butcher’s carcase ; in a fat slicep about 
68 per cent.; in a fat pig (fatted for pork) 8B per 
cent. The proportion of carcase iiicrcsaHcis coiisidcir- 
ably during fattening. Thus tho carcase in the store 
sheep killed at Eothainstcd avcragcul tiiVd, in tlic fat 
sheep 68'6, and in the very fat sheep C4T per cent, of 
the fasted live weight. 

When a lean animal is fattened the larger part of 
the increase in live weight is carcase. It was found 
at Eothamsted that in the case of sheep passing from 
the “store” to the “fat” condition, increasing in 
weight from 102 lbs. to 166 lbs., about 08 per cent, 
of the increase was carcase. With “fat” shoop 
passing into the “ very fat ” state, increasing from 
144 lbs. to 202 lbs. live weight, tho proportion of car¬ 
case in the increase was about 77 por (umt. With a 
fattening pig, increasing from lOB lbs. to lUl lbs. live 
weight, the proportion of carcase in tho increase was 
found to bo 91 per cent. 

The composition of the increase of an animal varies 
much under different circumstances. Tho inciroaso of 
a young growing animal will contain much water, nitro¬ 
genous matter, and ash; while tho incrcast^ of an 
adult fattening animal will consist chiclly of fat. It 
follows that a smaller amount of food is nc^e.dod to 
produce a pound of increase under tho former than 
under the latter conditions. 

The percentage composition of the increase of oxen, 
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sheep, and pigs, when passing from the “ store ” to the 
“ fat ” condition has been calculated by Lawes and 
Gilbert with the following results:— 


PEROBNTAGB COMPOSITION OP THE INOBBASB WHILST 
BATTENING. 



Water 

Nitroffonous 

Matter 

Fat 

Ash 

Shoop .• 

22*0 

7*2 

68'8 

2*0 

Oxen .. 

24-6 

7*7 

66-2 

1*6 

Pigs. 

28-6 

7*8 1 

63*1 

0-5 

Moan 

26*1 

7*6 

66-0 

1*3 


The increase during the fattening stage of gr owth is ' 
seen to contain eight to nine parts of fat for one of ■ 
nitrogenous matter. The proportion of fat would be 
somewhat greater still in the increase of highly fattened 
animals, as, for instance, of pigs fed for bacon. 

The Processes of ITutritiou. —^We have already seen 
that the food of plants is of the simplest character, 
b’rom such simple substances as carbonic acid, nitric 
acid, water, and a few salts, a plant is able to construct 
a groat variety of elaborate compounds. It accom¬ 
plishes these surprising transformations by a consump¬ 
tion of energy (sunlight) external to itself. An animal 
has no such constructive power. The animal frame 
is built up of substances existing ready formed in the 
•fcod, or produced by the splitting up or partial com- 
' nation of some of the food constituents in the body. 
The animal derives no aid from external energy. The 
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temperature of the animal (about 100“ Fahr.) is main¬ 
tained by heat generated within the body by tho com¬ 
bustion of the materials consumed as food. Tho energy 
by which all the mechanical work of tho animal is 
performed is also derived from the same source. Tho 
source of heat and force in. the animal is thus purely 
internal. 

It is evident from what has just been said tliat the 
food of animals has duties to perform which are not 
demanded of tho food of plants. In plants tho food 
merely provides the matter for bxrilding up tho vege¬ 
table tissues. In the animal, besides constructing 
tissue, the food has to furnish the moans of producing 
heat, and executing mechanical work; to accomplish 
this result it is burnt in the body. 

(1) I’ood Constituents and their Functions .—The solid 
ingredients of vegetable food may bo classcul goac'.rally 
as — (1) albuminoids (proteids); (2) fats ; (M) carbo¬ 
hydrates ; (4) salts. Bcisidos theso general Ingnidients 
of food, we have in immature vegetable products a fifth 
^ class—the amides—which also take part in animal 
nutrition. The albuminoids and amides are nitro¬ 
genous substances, the other ingredients of food are 
non-nitrogenous. 

The albuminoids occurring in grain, roots, and other 
fonns of vegetable food, are similar in general com¬ 
position to those found in milk, blood, and Ihmli. 
From the albuminpids of tlio food ans formed not 
only the albuminoids of tho animal frame, hut also 
the gelatinoids, the hair, wool, horn, Ac., ami, under 
'some cffcumstancGH, the fat. By tho combustion of 
albuminoids in the body licat and nuKdianical foixse will 
also be developed. Albuminoids thus supply in thorn- 
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selves most of the requirements of the animal—a state¬ 
ment which can be made of no other food constituent. 
The albuminoids of food are frequently described as 
“flesli-formcrs.” 

An animal, even when not increasing in weight, 
will always rc'.quire a certain constant supply of 
albuminoid in its food to replace the waste of 
nitrogenous tissue which is always going on even 
during rest. The amount of digestible albuminoid 
required for this purpose is but small (see p. 181). 

Wlien the nitrogenous tissues of the animal, or the 
albuminoids consumed as food, are oxidised in the 
body, the nitrogen they contain is not burnt, but 
excreted in,the form of a nitrogenous substance, urea 
The urea produced is about one-third the weight of 
the albumin oxidised.^ When the albuminoids, eitlier 
of the food or of the wasting tissues, are only partially 
oxidised, fat as well as urea may be produced. 

The amides {e.g., asparagine) consumed as food are 
burnt in the body, and their nitrogen excreted as 
urea. Amides cannot supply the place of albuminoids 
as muscle-formers, but they help to protect the albu¬ 
minoids of the food from waste, and by combustion 
they servo for the production of heat and force. 

The fats contained in food are similar to those 
found in the animal body. An animal is apparently 
capable of selecting certain fats in the food for storing 
up, and even of transforming one kind of fat into 
another. The fat of the food is either burnt in the 

' Thoro are sraall quantities of otTior nitrogenous products, as uric 
and (in the ease of herbivorous animals) hippurio aoid, voided in the 
urin.e, but they do not in this place require our altontion. 

fJ - i ' H ' >> .1 Iaa.a'a. ('A,''-i a V / ' ' - ' -‘a A 
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animal system to furnish heat and mechanical cnerj^^y, 
or it is stored up as reserve matter. Eat has a gnuitcir 
value as a heat and force producer than any othesr 
ingredient of food. 

The carbohydrates of the food are chiefly starch, 
pentosans, sugars, and celluloses; these HubstaiuiCK 
consist of carbon, hydrogen, and oxygen, the last two 
elements being in the proportion to form water — 
hence the name. Various other non-nitrogoiious con¬ 
stituents of food, as pectin, lignin, and vegetable acids, 
are also generally included under this title, though 
not, strictly speaking, carbohydrates. Carbaliydratos 
form the largest part of all vegetable foods. They are 
not permanently stored up in the animal body, but 
serve, when burnt in the system, for the production 
of heat and mechanical work. They are also capable, 
when consumed in excess of immediate requirements, 
of conversion into fat. 

The carbohydrates and fat are quito incapable of 
adding to the nitrogenous tissues of tho body. Tlu^y 
may, however, have this effcict indirectly by protect¬ 
ing the albuminoids of the food from oxidation. A 
moderate quantity of albuminoids supplied to a grow¬ 
ing animal will thus produce a much larger increase of 
muscle when accompanied by a liberal supply of carbo¬ 
hydrates or fat. In this case the non-nitrogonous 
ingredients of the food supply the demands for boat 
and work, and the albuminoids can be devoted to tlie 
renovation or increase of tissue. 

If an adult animal receives the small quantity of 
albuminoids and salts necessary to supply the daily 
waste of tissue, we should as.smuc, from wbat has 
gone before, that the whole of its remaining wants 

R 
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might be met by supplies of carbohydrates and of fat. 
This is to a great extent true; but a diet very poor 
in albuminoids is not found to be consistent with 
real bodily vigour. 

The ash constituents present in the food are the 
same as those found in the animal body; all that is 
accomplished by the animal is to select from the 
digested ash constituents those of which it is in want. 

(2) Digestion .—The object of digestion is to bring 
the solid constituents of the food into a form suitable 
for absorption into the blood. The work of digestion 
is partly mechanical and partly chemical. The food is 
reduced to a soft pulp by mechanical force and driven 
through the alimentary canal. The solution of the 
food is accomplished by means of certain enzymes 
(hydrolysing agents) supplied by the secretions of 
the canal. 

Of the carbohydrates of the food some, as fruit 
sugar, are already soluble and diffusible, and need no 
digestion ; others, as starch and cellulose, are naturally 
insoluble. The digestion of carbohydrates commences 
with the action of the saliva, which has the property 
of converting starch into sugar (maltose). This action, 
in the case of ruminants, is prolonged by the tem¬ 
porary sojourn of the food in the paunch and its 
return to the mouth in chewing the cud. The diges¬ 
tion of the cellulose by a fermentative process com¬ 
mences in the paunch.^ The further solution of 


^ None of the secretions of the alimentary canal are capable of 
digesting cellulose; but, according to Horace Brown, oats and other 
seeds contain an enz 5 nne capable of dissolving cellulose ; this enzyme 
is especially developed during germination. To what extent such an 
enzyme is generally present in vegetable food is as yet unknown. 
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starch and cellulose is effected in the intt^stines. The 
pancreatic juice has a powerful hydrolysing action on 
starch, 'maltose being produced. . In the intestines the 
maltose is converted into dosJtilo'iie."^ Cane sugar is 
converted into dextrose and loovulose, and milk sugar 
into dextrose and galactose, or into lactic acid, before 
absorption takes place. Cellulose is dissolved in the 
colon by a fermentative process, duo to the action of 
bacteria, in which acetic and butyric acids, carbonic 
acid and a little marsh gas (methane) are the prodacts. 

The albuminoids of the food are attacked by the 
gastric juice of the stomach (the fourth stomach 
of ruminants) and converted into peptones, bodies 
similar to ali)uminoids in composition, but which, 
unlike them, are diffusible through a membrane. The 
pancreatic juice of the small intestines also converts 
albuminoids into peptones, and partly into amides 
(leucine and tyrosine). 

The digestive agents in saliva, gastric juice, and 
pancreatic juice, are commonly known as ptyalin, 
pepsin, and trypsin, but the number of enzymes 
present is doubtless more considorablo. 

Fat, liq^uefied by the heat of the body, is probably 
capable of absorption without change. The digestion 
of fat in large quantities is greatly assisted by the 
bile and pancreatic juice, y 

The absorption of the dissolved constituents of the 


but the possibility of the digestion of oollulose by this means must 
not be overlooked. Cellulose digested la this manner would have a 
higher feeding value than cellulose broken up by bactopial fomumta» 
tion. German writers teach that digestible oolluloso is of more value 
to ruminant animals than to a horse; the solution of oollulose in the 
paunch is thus apparently of practical importance to the animal. 
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food takes j)lace more or less in all parts of the 
aliinontary canal, but chidly in the small intestines. 
The absoi'lKid inattcu's pass finally into the blood. 

'J'he 1 )!<k)( 1 of an animal is the source of nourish- 
rncmt to the whole bf)dy; oxit of its ingredients 
all tbo tissues are formed. The blood is also the 
means of conveying to the tissues the oxygen which 
is esHontial to their vitality, and of removing from 
them carbonic acid and the other products of their 
decomposition. 

(il) Itespiration .—The blood is supplied with oxygen 
during its passage through the lungs, where it is 
brought into contact with air. The oxygen is absorbed 
by the lumnoglobin, which forms the chief constituent 
of the red blood corpuscles. The scarlet blood from 
the lungs is circulated through the whole body by the 
arteries; the oxygon it supplies is consumed in the 
tissues, producing, among other results, heat and 
mechanical work. The blood finally returns from the 
tissues by the veins. The hcemoglobin has then lost 
its oxygen, and has assumed a purple colour; the 
plasma of the blood also contains carbonic acid gas in 
solution, and many other products of decomposition. 
By passing agiiin through the lungs the carbonic acid 
is more or loss completely discharged, and a fresh 
supply of oxygem taluui up. 

(4) Excretion. —'I’lio products which result from the 
oxidation of animal tissues, or of thofood consumed, are 
rem()V(sd from the body by the lungs, the kidneys, or 
the skin. The chief products of oxidation in the body 
are oarbonio acid, water, urea, and salts. Carbonic acid 
is removed through the lungs, and to a smaller extent 
by the skin; urea and salts by the kidneys and by 
perspiration ; water by all the organs of excretion. 
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Noai-nitrogenous substances, as fat and sugar, when 
oxidised in the body, yield simply water and carbonic 
acid. The nitrogen of the albuminoids, gelatinoids, 
and amides is not oxidised, but is excreted in the form 
of urea. The sulphur of the albuminoids is in part 
oxidised to sulphuric acid and excreted as sulphates. 

The quantity of nitrogen in the urine is a measure 
of the albuminoids, gelatinoids, and amides oxidised in 
the body. In the urine, and in the perspiration of the 
skin, are also removed all the salts not required for the 
animal economy. Sodium and potassium salts are 
generally abundant in the urine. 

The solid excrement contains the undigested part of 
the food, with the residues of the bile and other secre¬ 
tions of the alimentary canal. When an animal is 
supplied with known quantities of food per day, the 
composition of which has been ascertained by chemical 
analysis, it is possible by collecting the faeces, and sub¬ 
mitting them to the same chemical analysis, to deter¬ 
mine how much of each constituent of the food has 
been digested by the animal (see p. 141). 



CHAPI'JilLl VII. 


NUTBtTlON IN TBBMS OB' ENBBGX. 

MoastiromontB of mooUanioal and ohomioal operations by units of 
hout. Vwl valm of food comtituenU and animal producU. Seat 
wine, of foods to the animal .— ^Rolation of units of heat to units of 
work. Energy consumed in operations of digestion .— ^Distinction 
between flbrous and iioa-flbrous foods. Selation of heat value of 
food to heat vedue of animal inorease obtained. 

Fuel Value of Foods aud Animal Products. —The 

quantilativG rosults both of mechanical and chemical 
opisrations are often boat expressed in terms of energy. 
I’lia most convenient form of energy to make use 
of in such discussions is heat. The unit of heat 
employed is the “ calorie,” which represents the 
quantity of heat required to raise one gram of water 
from 0” to 1“ on the scale of the Centigrade ther¬ 
mometer. A Calorie one thousand times larger than 
this is employed for the expression of large quantities 
of heat, and this will be employed in the present 
work.* 

'I'he relative quantities of energy supplied by the 
dinVront organic constituents of food, or stored up in 
tlio various constituents and products of the animal 
body, are shown by the quantities of heat produced 
when these substances are completely burnt. These 
quantities of boat express the “fuel value” of the 
substance. When one gram of the following dry sub- 


» Th© large Oalorie ihould always bo spoU with a capital, 
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stances is burnt in oxygen the quantities of heat 
produced are as under:— 



Caloi ies. 


Calories. 

Animal fat 

.9-4 

Cellulose 

. 4-1 

Earthnut oil 

.8*8 

Cane Sugar 

. 4-0 

Wheat gluten 

.6*81 

Glucose 

. 3-7 

Animal muscle. 

.6*7 

Asparagine 

. 3-4 

Starch ... 

..4*1 

Urea 

. 2-5 

Heat Value 

of Poods to 

Animal. - 

- The amount of 


heat produced by a food in the animal body may be 
found by first ascertaining the quantity of heat pro¬ 
duced when the food is burnt outside the body, and 
then subtracting from this the heat produced by burn¬ 
ing the solid matter of the animal excrements obtained 
during the consumption of the food by the animal. 
The difference represents the net energy which 
the body has received as the result of the feeding. 
Besides the unburnt matter contained in the faeces 
and urine, we must also in some cases take into 
account the unburnt gases which escape from the 
intestines, and also from the paunch of ruminant 
animals, these gases consist of methane (CH^) with 
i a little hydrogen. The gases in question are not 
producedf^'irom the albuminoids, or from the fatty 
constituents of the food; they are formed by the 
fermentation of the cjrboj^d^ Those carbo¬ 

hydrates which are quickly digested and absorbed, as 
BUgar and starch, yield a smaller proportion of methane 
than ceUulose, which remains longer in the intestines. 
To estimate the unburnt gases given off by an animal 
receiving a fixed ration, the animal must be placed 


1 This, and all other values for gluten, includes Kellner’s subsequent 
corrections in 1901. The gluten is reckoned at 16 per cent, of nitrogen. 
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from time to time in a respiration chamber, the whole 
of the air entering and leaving the chamber being 
measured and analysed. 

Kellner ascertained, by numerous experiments with 
oxen, the net heat value to the animal of 1 gram of 
the digestible matter in various foods: his results 
were as follows :— 



Fuel 
Value of 

1 gram 

Losses of Combustible Matter 

Actual 

Heat 

Food 

Digested 

Organic 

Substance 

In the Urine 

As Methane 

Total 

Value to 
to the Ox 

Earthnut oil .. 

Cals. 

8-8 

Per cent. 

Per cent. 

Per cent. 

Cala. 

8*8 

Wheat gluten.. 

6.8 

18*7 

• • 

18*7 

4*7 

Starch .. 

4-1 

• • 

10*1 

lO'l 

37 

I 

Meadow hay .. 

4*6 

8*6 

10-3 

18*8 

1 8-6 

Oat straw 

4*6 

4*7 

12-2 

16-9 

' 8*7 

Wheat straw .. 

4*6 

6*6 

20 0 

26*6 

8*8 


The loss in the urine chiefly depends on the pro¬ 
portion of nitrogenous matter in the food, and reaches 
its maximum in the case of a pure albuminoid, as 
wheat gluten. The loss of combustible matter, as gas, 
reaches its maximum in wheat straw, the food most 
difficult of digestion employed in the experiments. 

For the maintenance of animal life a certain 
quantity of heat must be developed (p, 178). The heat 
values ascertained for foods in the manner just described 
may be used to calculate the amount of food which 
will suffice for a maintenance ration. Wlien used for 
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such a purpose, 100 of the digestible matter of starch, 
100 of the digestible matter of oat straw of good 
quality, 103 of meadow hay, 113 of wheat straw, 80 of 
wheat gluten, and 43 of earthnut oil (all in the state 
of digested substance) are equivalent quantities, and 
produce a similar amount of heat when given to oxen. 
The fat has thus 2'3 times, and the albuminoid 
(wheat gluten) about 1*25 times, the value of starch, 
while the digestible part of foods rich in cellulose, as 
hay and oat straw, has a value similar to that of starch, 
a somewhat lower value being, however, observed in 
the case of wheat straw. 

The work, internal and external, done by an animal 
can also be expressed in terms of heat. One Calorie 
is equivalent to 425 meterkilograms; that is to say, 
the energy required to heat 1 kilogram of water one 
degree would also raise 1 kilogram to the height of 
425 meters. We shall discuss later on (pp. 176, 183) 
the relations of food to mechanical work, we need here 
only notice the work performed during the processes 
of digestion, and during the production of new animal 
substance. 

Energy used in Digestion.— Zuntz has determined 
the amount of energy employed by the horse during 
the mastication and digestion of various foods. He 
has done this by determining how much more oxygen 
is consumed during mastication and digestion than 
before or after these operations are accomplished. The 
energy involved in these operations is partly consumed 
in mechanical and partly in chemical work. Zuntz 
has expressed his results both in Calories and in terms 
of the digested food reckoned as starch ; we shall give 
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the latter figures. One thousand parts of the foods 
used contained tho following quantities of fibre, and 
yielded tho following results in the horse:— 



Total Fibre in 
1,000 of Food 

Digested Matter (including fibre) 
per 1,000 of food 

Total 

Reckoned as 
starch 

XJHcd for 
DlgCHt/ion 
Work 

Remaining for 
use by the 
Horse 

Maiiso .. 

17 

786 

82 

+ 708 

BeaaB .. 

69 

720 

111 

+ 609 

Linseod oako . . 

94 

690 

126 

+ 665 

Oats .. 

108 

616 

124 

+ 491 

Luoonio hay .. 

260 

468 

219 

+ 234 

Potatoes 

- 10 

226 

27 

+ 199 

1 Meadow hay .. 

260 

891 

209 

+ 182 

Glover hay •. 

802 

407 

239 

+ 168 

Oarrots •• 

16 

118 

21 

+ 92 

IWheat straw .. 

420 

181 

1 297 

- 116 


It appears from these results that the work of 
mastication and digostion (chiefly the latter) involves 
tho combustion of a quantity of nutritive matter, which 
when deducted from the nutritive matter gained by 
tho digestive process greatly diminishes its amount. 
Wo see further that this diminution in the finally 
available food is nearly connected with the quantity 
of cellulose which the food contains. In the case of 
maize nearly 90 per cent, of the digestible matter is 
finally left for use by the horse; with potatoes 88 per 
cent.; with oats 80 per cent.; with meadow hay 46’6 
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per cent.; while in the case of wheat straw the con¬ 
sumption of energy while the food is passing through 
the animal is actually greater than the energy finally 
obtained from the digested straw.* jZuntz reckons that 
9 per cent, of the digested food is generally to be de¬ 
ducted for digestion work, but that each gram of fibre 
in the food, whether digested or not, consumes energy 
equal to 2‘6 Calories for its mastication and passage 
through the alimentary canal. We must hoar in mind 
that the excessive wastefulness of fibrous foods shown 
in these investigations on the horse is not true to an 
equal extent in the case of ruminant animals. With 
them the fibre is softened in the paunch before mas¬ 
tication takes place, and the digestion of the fibre has 
made some progress before the intestines are reached ; 
moreover, the faeces are far more watery in character, 
and should pass through the system with less effort. 
The proportion of fibre digested by the ox and sheep 
is also considerably higher than the proportion digested 
by the horse (see p. 146). The general indications of 
these valuable experimpnts are, however, very plain, 
and must apply more or less to every animal. 

Foods have a very different value for different pur¬ 
poses. We have already seen that the value of a food 
for the production of heat is simply the fuel value of 
the digested matter minus the fuel value of the urine 


* More information ia roguirod as to the utilisation of straw by the 
horse. Muntz fed a horse with wheat straw alone from Novomlor 10 
to January 20, when the horso died thoroughly exhausted. The horse 
digested during December 876 lbs. of organic matter for 1,000 lbs. of 
straw supplied. This is double the amount assumed as digested In 
Zuutz’s table, and would leave a small balance for the use of the 
animal. 
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and the intestinal gases. Axiy internal work, mechani¬ 
cal or chemical, following the consumption of the 
food, does not disturb its heat value to the animal, 
provided the energy thm developed does not exceed 
in its heat value the immediate requirements of the 
animal. All internal work appears finally as heat; 
such work is thus only a mode of providing heat, and 
if the work were not performed the same quantity 
of digested food would have to be burnt in the body 
to provide the heat necessary for the animal. The 
consumption of energy during the digestion of fibrous 
foods is thus not to be regarded as waste when the 
animal is merely kept on a maintenance diet. The 
waste begins as soon as the labour of digestion results 
in more heat than the animal requires. The excess 
of heat then produced is waste, for the energy has not 
been developed in the muscles of the limbs and cannot 
therefore appear as useful work, nor does it in any way 
aid in the production of animal increase. 

Produotion Value of Foods.— Kellner has not only 
determined the true heat values to the ox of the foods 
already mentioned, he has also ascertained their pro¬ 
duction values. For this purpose he chose rather lean 
oxen, and gave them a fixed moderate ration, which 
resulted in a small continuous increase in weight. He 
then added to this ration the food to bo experimented 
with, and determined the amount of increase produced. 
The increase in the nitrogenous tissues was calculated 
from the amount of nitrogen stored up in the animal 
body (excess of nitrogen in food over nitrogen in ex¬ 
crements). The increase in fat was calculated from 
the amount of carbon stored up in the body (excess of 
carbon in food over carbon in excrements and breath), 
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the carbon in the increase of the nitrogenous tissues 
being first deducted. This mode of work involves the 
use of a respiration chamber, and is far more exact 
than any calculation from the alterations in live 
weight. Kellner’s results are shown in the following 
table:— 


HEAT VALUES OP DIGESTED POODS AND OP THE 
INCBEASE OBTAINED IN A FATTENING OX. 



Heat Value to the 
Ox of 1 gram of 
Digested Sub¬ 
stance 

Loss of Energy 
in Production 
Processes 

Heat Value 
of Increase 
Obtained 


Cals. 

Per cent. 

Gala. 

Earthnut oil 

8*8 

43*7 

4*9 

Wheat gluten 

4*7 

65*3 

2*1 

Starch .» •. 

3*7 

41*1 

2*2 

Molasses • • •. 

3*6 

36*4 

2*8 

Straw pulp .. 

3*6 

36*9 

2-3 

Meadow hay 

3*6 

68*6 

1*5 

Oat straw . • 

3*7 

62-4 

1*4 

Wheat straw 

3*3 

82*2 

0‘6 


The table starts with the heat values of the digested 
foods, which have been arrived at by the calculations 
shown in the table on p. 120. Before these digested 
foods can be utilised for the production of fatty or 
nitrogenous tissue, a part is consumed to provide the 
energy required for the digestion of similar food daily 
received by the animal; a part is also consumed during 
the chemical and mechanical processes involved in 
the production of tissue. The whole of the food thus 
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consumed appears finally as heat: the remainder of the 
food substance appears as animal increase. Of the 
digested fat, 56‘3 per cent, was stored up, and 43'7 per 
cent, burnt in passing through the animal system. 
Of the digested albuminoid, 44'7 per cent, was stored 
up as nitrogenous tissue and fat, and 65'3 per cent, 
burnt in the process. Of starch, 68'9 per cent, of its heat 
value was stored up, while 41-1 per cent, disappeared as 
boat. In the case of fibrous foods the losses rapidly 
increase with the proportion of fibre present, the loss 
in the case of meadow hay being 58‘5 per cent., with 
oat straw 62‘4 per cent., and with wheat straw 82‘2 per 
cent. By a happy experiment Kellner showed that the 
very low results yielded by straw were not due to its 
chemical nature, but to its mechanical condition. He 
used in some of his experiments the straw pulp pre¬ 
pared by paper manufacturers by boiling rye straw 
under high pressure with an alkaline solution; of this 
softened, disintegrated cellulose, 88 per cent, was 
digested by the oxen, and the digested matter yielded as 
large a return in increase as was obtained from starch 
or sugar. 

The very inferior results obtained from straw con¬ 
firm the conclusions of Zuntz when using straw as 
food for horses. The digested matter of the straw, 
or its equivalent in other digested food, is so largely 
consumed in providing the energy demanded by the 
laborious process of straw digestion, that in the case 
of the horse there was no balance remaining for other 
animal requirements, while in the case of the ox only 
17'8 per cent, of the heat value of the digested straw 
was finally available for the production of animal 
increase. 
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The relative value of the different foods for the 
production of increase is shown by the Calories in 
the right-hand column. Digestible albuminoids, starch, 
sugar, and soft cellulose, appear all to have a very 
similar value, while the oil has times the value 
of starch. The straw pulp contained more than onc- 
third its weight of furfuroids (oxycolluloses, &c.), these I 
evidently, therefore, took part in the formation of fat. 

Kellner concludes from his experiments that 100 
parts of digested starch may yield a maximum of 28’3 
of fat in the body, the rest of the starch being con¬ 
sumed in the transformation process. Of the pure 
albuminoid used (wheat gluten), 7 per cent, of the 
available heat value was in his experiments stored up 
in the animal as nitrogenous tissue, while 38 per ceni 
was stored up as fat. “Turning these heat values into 
weights it appears that 100 parts of digested gluten 
produced about 7 parts of dry nitrogenous increase, 
and 19'8 parts of fat. The proportion of nitrogenous ' 
increase to fatty increase may be expected to vary 
under different circumstances. 

The increase in live weight obtained by feeding with 
albuminoids, starch, sugar, or fat, will not necessarily 
take place in the proportions shown by the calorific 
values of these foods, nor in the proportions of their 
capacity for producing fat; this will be due to the 
varying proportions of lean flesh and fat which will 
he formed under various circumstances, and to the 
fact that when albuminoids are stored up as loan flesh 
they are always associated with much water, while a 
purely fatty tissue contains very little water.' Tlio 

> Lean flesh will contain about throe parts of water to ono of dry 
nitrogenous matter. Purely fatty tissue, as kidney fat, will ooiitahi 
only about 6 or 6 per cent, of water. 
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storing up of albuminoids thus occasions a much greater 
increase in live weight than the storing up of fat, 
alfchougb the heat value of the two products may possibly 
be the same. It must not be forgotten that carbo¬ 
hydrates and fat when added to a meagre diet, not too 
poor in albuminoids, occasion a vigorous storing up of 
albuminoids as well as a production of fat. In ten 
experiments made by Kellner, in which a considerable 
amount of a pure carbohydrate was added to a meagre 
diet supplied to oxen slowly gaining in weight, the 
carbohydrate produced an average increase of 1 part 
of dry lean flesh and 4*6 parts of fat. This subject 
will be treated in more detail further on, p. 190. The 
calorific values given in the preceding table represent 
the whole product, lean and fat, obtained by the use 
of the respective foods. 
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POODS. 

The Co 7 npo$Uion of Foods. —Dofcaikid compoHifcion Tk'oportiati of 
nitrogen existing as true alburainoidn — CompariBou of foods. 
Circumstances producing Variation. —Influonoc of ago find manur¬ 
ing—Changes during hay-making and ensilage. Mgestihility of 
Foods. —Method of determination—Exporimcnts with ruminants 
—Experiments with horses—Experiments with pigs— Experiments 
with geese and fowls. Circumstances affecting Digestibility. 
Influence of age of animal, daily ration, and labour—lufluenoo of 
cooking on digestibility—Influence of the maturity of fodder crops 
on their digestibility—Influence of ensilage—Influence of one 
food on the digestibility of another—Common salt. Comparative 
Nutritive Value 0 /.Foods,—Quantities of digestible matter in 1,000 
parts of food.—Comparative power of producing hesat, work, and 
increase—Proportion of albuminoids to non-albumiuoids<—In¬ 
fluence of proportion of water—Gonoral conclusions. 

In Chapter VI. wo have enunuirated the chief con¬ 
stituents of food, and described their functions in the 
animal body. We may now proceed a step further, 
and consider the detailed composition and the feed¬ 
ing values of the foods actually employed on the farm. 

The nourishing value of a food is largely deter¬ 
mined by two factors: (1) Its composition; (2) its 
digestibility. The first of those determines the rich¬ 
ness of the food in albuminoids, fat, carbohydrates, 
and ash constituents. The second determines the 
extent to which these various constituents become 
available in the animal body. We will consider, first, 
the composition of ordinary foods. 
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Food 

Water 

Nitrogenous 

Substance 

Fat 

Soluble 

carbo¬ 

hydrates 

Fibre 

Ash 

Albu¬ 

minoids 

Amides, 

&C. 

Cotton cake (decorticated) 

8-2 

43*2 

1*8 

13*6 

20*8 

5*5 

7*0 

,, „ (undecort.) .. 

12-5 

20-7 

1*3 

6*5 

34*8 

20*0 

6*2 

Linseed cake 

11-7 

26*9 

1*1 

11*4 

33*2 

9*0 

6*7 

Rape cake. 

10-4 

28*1 

4*6 

9*8 

29*1 

10*3 

7*7 

Earthnut cake 

11*5 

45*1 

1*9 

8*3 

23*1 

5*2 

4*9 

Beans . 

14*3 

22*6 

2*8 

1*6 

48*6 

7*1 

3*2 

Peas.. . 

14-0 

20 0 

2*5 

1*6 

53*7 

5*4 

2*8 

Wheat . 

13-4 

10*7 

1*3 

1*9 

69*0 

1*9 

1*8 

Rye. 

13*4 

10-6 

1*0 

1*7 

69*5 

1*9 

2*0 

Oats. 

18-0 

10*6 

0*7 

5*4 

57*3 

10*0 

3*0 

Barley . 

14*3 

10*2 

0*4 

2*1 

C6-0 

4*5 

2*6 

Maize . 

11*0 

9*8 

0*6 

5*1 

70*0 

2*0 

1*6 

Malt sprouts 

10*0 

16*C 

7*1 

2*2 

44*1 

12*5 

7*5 

Wheat bran 

13*2 

12*1 

2*0 

3*7 

56*0 

7*2 

5*8 

Brewer’s grains 

76*2 

4*9 

0*2 

1*7 

10*7 

6*1 

1*2 

„ „ (dried) .. 

9*5 

19*8 

0*8 

7*0 

42*3 

15*9 

4*7 

Rice meal. 

10*3 

11*3 

1*0 

12-0 

47*8 

8*6 

9*0 

Oat straw. 

14-5 

3-5 

0*5 

2*0 

37*0 

36*8 

6*7 

Barley straw 

14*2 

3*2 

0*3 

1*5 

39*1 

36*0 

5*7 

Wheat straw 

13-6 

8*3 

.1*3 

39*4 

37*1 

5*3 

Pea straw. 

13*6 

9*0 

1*6 

83-7 

36*5 

6*6 

Bean straw.. 

18-4 

8-1 

1*1 

31*0 

36*0 

5*4 

Pasture grass 

76*7 

2*9 

1*1 

0*9 

10*9 

6*2 

2*3 

Clover (bloom beginning).. 

81*0 

2*6 

0*8 

0*7 

8*0 

6*2 

1*6 

Clover hay (medium) 

16*0 

10*5 

2*5 

2*5 

37*2 

26*0 

6*3 

Meadow hay (best) 

15*0 

10*2 

1*8 

2*3 

39*5 

24*0 

7*2 

„ „ (medium) .. 

15*0 

8*0 

1*2 

2*2 

42*0 

25*4 

6*2 

„ „ (poor) 

14*0 

6*3 

0*5 

2*0 

41*1 

31*0 

6*1 

Grass silage (stack) 

67*0 

3*3 

1*5 

1*5 

13*2 

9*7 

3*8 

Clover silage (stack) 

67*0 

3*3 

2*7 

2*2 

10*6 

11*9 

2-4 

Maize silage 

79*1 

1*0 

0*7 

0-8 

11*0 

6*0 

1*4 

Potatoes. 

75*0 

1*2 

0*9 

0*2 

21*0 

0*7 

1*0 

Cabbage . 

85-7 

1*7 

0*8 

0*7 

7*1 

2*4 

1*6 

Carrots . 

87*0 

0*7 

0*5 

0*2 

9*3 

1*3 

1-0 

Mangels (largo) 

89*0 

0*4 

0*8 

0*1 

7*7 

1*0 

1*0 

,, (small) , .. 

87*0 

0*4 

0*6 

0*1 

10*2 

0*8 

0*9 

Swedes . 

89*3 

0*7 

0*7 

0*2 

7*2 

1*1 

0*8 

Turnips 

91*6 

0.5 

0*5 

0*2 

5*7 

0*9 

0.7 

1 











OOMPOSmON OP POODS 


131 


Composition of Poods.— The average percentage com¬ 
position of the foods commonly given to farm animals 
is shown in the preceding table. The figures given 
are in every case the moan of a large number of 
analyses. 

The total “ nitrogenous substance ” in a food is 
obtained by multiplying the percentage of nitrogen by 
6'25/ it thus represents approximately the amount of 
albuminoids present, if the whole of the nitrogen exists 
in this form. It is now, however, well known that a 
part of the nitrogen of vegetable foods exists, not as 
albuminoids, but as amides (asparagine, glutamine, 
leucine, tyrosine, &c.), and in some cases as nitrates. 
The following table shows the average proportion of 
the nitrogen which exists in the form of albuminoids 
in various foods, according to the analyses at present 
published; numbers marked with an asterisk are the 
mean of few analyses. 

It appears from these numbers that the greater part 
of the nitrogen in ripe seeds exists as albuminoids; 
in rape cake, in legunrinous seeds, and in rye and 
wheat, the proportion of albuminoid nitrogen is rather 
lower than in the other cases. In _ germ inated grain, 
as m alt, a considerable part of the albuminoids is 
repla ced by amides. The few analyses of ripe straw 
show that the nitrogen present is chiefly albuminoid. 


* The uso of this factor assumes that the nitrogenous matter 
contains on an average 10 per cent, of nitrogen. Tlio amount of 
nitrogott in various albiiminoxcls varies from about 15 — 10 por cent. 
Some of the amides present in foods contain nuvro nitrogen and soma 
less nitrogen than albuminoids. Our knowledge of tlio composition of 
foods is only in a few oases suflloioutly exact to enable us to stato tbo 
exact weight of albuminoids and amides x>A‘osont. 
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ALBUMINOID NIT-BOG-EN PER 100 OF TOTAL NITROGEN. 


Cotton cake (decorticatocl) 

96 

Barley straw 

90* 

,, ,, (undocort.) .. 

94 

Oat straw 

88* 

Earthnut cako 

96 



Linseed cake 

96 

Grass (young) .. 

73 

Rape cake .. 

86 

Olovor(young) .. 

70 


Glover (bloom beginning) 

76 

Beans 

89 


Peas. 

89 

Meadow hay 

87 



Glover hay 

81 

Barley 

96 


Oats. 

94 

Grass silage (stack) 

68 

Maize 

94 

Maize silage 

69 

Rye. 

91 

Clover silago (stack) 

65 

Wheat . 

89* 

68* 

Cabbage heads .. 

Brewer’s grains 

96 

Potatoes . 

68 

Rice meal .. 

921 

Carrots .. 

62 

Wheat bran 

86 

Turnips. 

49 

Malt. 

79 

Mangels. 

39 

Malt sprouts 

70 



In immature produce the proportion of non-albu¬ 
minoid nitrogen is much more considerable. It is 
present in considerable amount in young fodder crops, 
but forms a much smaller proportion in mature hay. 
During the operation of ensilage the proportion of 
non-albuminoids is much increased. The largest 
proportion of non-albuminoid nitrogen is reached in 
the case of roots and tubers. In mangels a consider¬ 
able part of the non-albuminoid nitrogen exists as 
' nitrates. The circumstances producing variation in 
the proportion of albuminoids will be considered 
Jai? presently. 

The substances reckoned as fat in a food analysis 
include all the matters soluble in ether or petroleum. 
In the case of grains, and their products, the ether 
extract consists almost wholly of fats and fatty acids; 
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but in the case of hay, straw, and roots other inatierH 
are also present (p. 138). 

The soluble carbohydrates'' mentioned in the table 
include not only the soluble sugars, mucilage, tlui., 
but also starch, pectin, pentosans,^ and a considerable 
part of the cellulose; these latter are not soluble in 
water, but are dissolved in the process of boiling wild) 
weak acid and alkali employed by the analyst to 
separate the coarse fibre. Tlie soluble cai*bohydral<oH 
of a food analysis are thus a mixture of very various 
constituents, which have probably not the saitui feed¬ 
ing value. Unfortunately the exact compoBition of 
these mixed carbohydrates has been but little studied. 

The fibre " left by the process of extraction em¬ 
ployed in food analysis varies much in constitution; 
among its ingredients are the typical cotton celluloBo, 
oxycellulose, and lignin. OxycelluloBe forms the chief 
constituent of the fibre of gramineous hay and straw. 
As already mentioned, the proportion of fibre by no 
means represents the whole of the colliiIoBo, a part 
being reckoned as soluble carbohydrate according to 
the present method of food analysis. 

We will now consider the average compoHitionof the 
various foods mentioned in the table on p. ISO. 


^ Pentosans are generally insoluble in water, but dissolve In alkali. 
When heated with dilute acids they are converted into pentosoi—that 
is, sugars containing a multiple of jOlvo atoms of carbon in thoir molo- 
culo. These sugars are not fermentable, and are very imporfoeily 
burnt in the animal system; they have thus little tmtritivo value. 
The amount of pentosans present is usually oalculafcod from tlio 
quantity of furfural produced when the food is boiled with hydrj)» 
chloric acid. The quantity thus calculated may, howovi^r, be 
considerably in excess of the truth, as oxytjollulose also yu^ldn fur. 
fural. The ^roup of furfural yielding bodies is thus of very mijcfd 
character, and is best described as furfuroids. 
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The amount of total dry matter is seen to be tole: 
ably uniform throughout the various classes of 
foods, the foods richest in fat being generally tl 
driest. Corn and straw in bulk will frequently coi 
tain a somewhat larger amount of water than thi 
mentioned in the table. In green fodder and roc 
the proportion of water reaches its maximum. Of tl 
roots and tubers, potatoes contain the largest, at: 
white turnips the least proportion of dry matter. Tl 
influence of the proportion of water on the nutriti^ 
value of a food is discussed on p. 165. 

We have already seen (Chapter VII.) that fat ar 
albuminoids are the most concentrated forms of foe 
which an animal can consume; those foods which a: 
rich in fat and albuminoids have, therefore, if digestibi 
the highest nourishing value. At the head of all foods : 
this respect stand the various descriptions of oilcak< 
they are, without doubt, among the most concentrate 
foods at the farmer’s disposal. Linseed cake, eve 
when pure, varies a great deal in composition, accor 
ing to the kind of linseed and the amount of pressn: 
used. Cakes made from East Indian seed will usual 
contain 25 — 30 per cent, of nitrogenous substance 
cakes from Bussian seed 27—33 per cent.; cakes fro 
American Western seed 34—38 per cent. The oil 
American cakes is about 7—10 per cent.; in ordina: 
English and Bussian pressed cakes 9—13 per ceni 
in a few English and Bussian cakes 15—16 per cer 
Decorticated cotton cake and earthnut cake are, win 
of good quality, equal or superior to linseed cake, b' 
they are at present but little used by the Englii 
farmer. The oil in decorticated cotton cake vari 
from 9—17 per cent., according to the degree 
pressure used. Pare oilcakes contain no starch. 
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The leguminous seeds, beans, peas and lentils are 
rich in albuminoids, but not in fat. The fat of beans 
and peas contains a good deal of lecithin, a fatty body 
containing both nitrogen and phosphorus. The prin¬ 
cipal carbohydrate of leguminous seeds is starch. 

The ereal grains are much poorer in albuminoids, 
containing only about one-half the proportion found 
in leguminous seeds. Oats and maize are charac¬ 
terised by containing more fat than the other cereal 
grains. The special characteristic of all the cereal 
grains is their richness in an easily digested carbo¬ 
hydrate—starch. 

Of the cereal products mentioned in the table, the 
bran, brewers' grains, and rice meal, represent respec¬ 
tively the external covering of wheat, barley, and rice. 
These foods are richer both in nitrogenous matter and 
fat, but contain a much more considerable proportion 
of fibre than the whole grain. Malt sprouts (known 
also as malt combs) consist of the radicles of the 
germinated barley, which are removed after the malt 
has been dried. This material is very rich in nitro¬ 
genous matter, a considerable proportion of which, 
however, is in the form of amides. 

The straw of cereal crops contains a smaller pro¬ 
portion of nitrogenous matter than any other food 
employed by the farmer. Various celluloses form 
80—90 per cent, of the dry matter. Starch is absent. 
Oat straw is generally more nutritious than that of 
barley or wheat. Straw has a higher feeding value 
when cut before perfect ripeness is reached; the 
presence of clover or weeds will also increase its food 
value. Pea straw is a food of much higher quality. 

In the case of green fodder, hay and silage, an in- 
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creased proportion of the nitrogen is in the form of 
amides. The fat credited to these foods also includes 
indigestible waxy matter; in the case of green fodders, 
chlorophyll; and in the case of silage, lactic acid; 
these substances being all equally dissolved by the 
ether used to separate the fat. About 30 per cent, of 
the ether extract of hay consist of unsaponifiable 
matter. Among the soluble carbohydrates, starch is 
frequently absent. Meadow hay, according to Gran- 
deau, contains only 4-—8 per cent, of starch. The 
same weight of dry matter in crude foods of this class 
has thus a decidedly less nourishing value than in 
foods consisting entirely of matured grain. 

In tubers and roots the supply of albuminoids is but 
small, a large proportion of the nitrogen existing as 
amides. The carbohydrates are, however, of much 
higher nutritive value than in the case of fodder crops 
or straw. In potatoes, starch forms the principal 
constituent. In turnips and mangels from one-third 
to two-thirds of the dry matter consists of sugar. 

Most foods supply a sufficient quantity of the ash 
constituents which are required for the formation of 
bone and muscle ; the chief of these are phosphoric 
acid, lime, and potash. The oilcakes and bran are the 
foods richest in phosphoric acid; straw and meadow 
hay are the foods poorest in this constituent. Lime is 
most abundant in clover hay, bean straw, cabbage, and 
turnips, and generally in all leafy produce; it occurs in 
least quantity in the cereal grains and in potatoes. 
Potash is abundant in roots, hay, bean straw, bran, and 
oilcake, and is found in smallest quantity in the cereal 
pains. The proportion of phosphoric acid and potash 
in various foods is shown in the table on page 220. 
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Of all the ash constituents lime and soda are prob¬ 
ably the most generally deficient. Maize is of all 
ordinary foods (rice excepted) the poorest in lime ; it 
certainly contains too small an amount for a rapidly 
growing animal. In the United States it has been 
found advantageous to give wood ashes or ground 
bones when maize is used alone as a pig food. Growing 
pigs required 517 lbs. of maize meal to produce 100 lbs. 
of increase, but 466 lbs. sufficed when wood ashes were 
added ; the breaking strength of the thigh bones was 
also more than doubled by this addition to the food. 
Animals will frequently receive no inconsiderable 
amounts of lime in their drinking water. Soda is 
easily supplied, when needed, in the form of common 
salt (see p. 154). 

Circumstances producing Variation in Composition. 

—The composition of all vegetable foods is liable to 
variation, depending on the variety of plant grown, its 
state of maturity, and the character of the soil, manure, 
and season. The influence of the variety grown is well 
illustrated in the case of oats, the different varieties of 
which will differ much in composition. The perfectly 
matured produce of any plant, the ripe seed for 
instance, will not generally vary much in composition 
under the ordinary conditions of climate and manuring, 
and an average composition, such as is given in the 
table, will be found in most cases pretty correct. 
Great variations in climate may, liowever, determine 
considerable changes in composition. Soutli Russian 
wheat is, for instance, far more nitrogenous than 
English wheat. When, however, we turn to immature 
produce, such as meadow grass, turnips, or mangels, 
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we find that the composition depends largely on the 
stage of growth in whicli the plant is taken, and is also 
greatly affected by the character of the manuring. It 
may be generally stated that as a plant matures the 
proportion of water, nitrogenous matter, and ash con¬ 
stituents diminishes, while the proportion of carbo¬ 
hydrates and fibre increases; at the same time the 
amides become more or less converted into albuminoids. 

The following table shows the percentage composition 
of meadow grass cut at three different dates in the 
same field. The first cutting will represent pasture 
grass fed off in the green state by stock; the second 
cutting is good ordinary hay; the third cutting is an 
over-ripe hay, somewhat coarse and stemmy, but well 
harvested. The composition given in every case is 
that of the dry substance:— 


COMPOSITION OF MEADOW HAY HARVESTED AT 
DIFFERENT DATES. 


Date 

of Cutting 

Nitrogenous Substance 

Fat 

Soluble 

Carbo¬ 

hydrates 

Fibre 

Asm 

Albuminoids 

Amides, Ao. 

May 14 .. 

11*6 

6*2 

3*2 

40-8 

23-0 

16-3 

June 9 .. 

9-4 

1*8 

2-7 

43-2 

34-9 

8-0 

» 26 .. 

7*8 

0*7 

2-7 

43 3 

88-2 

7*3 


The albuminoid nitrogen amounted in the first 
cutting to 65*2 per cent., in the second cutting to 84*0 
per cent., and in the third cutting to 92*6 per cent, of 
the total nitrogen. 

Young grass is much richer in albuminoids, and 
contains a smaller proportion of indigestible fibre than 
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older grass, and is consequently more nourishing. The 
same comparison may be made between young clover 
and that which is allowed to mature for hay. Fodder 
crops should be cut for hay immediately full bloom is 
reached; after this point the quality of the hay will 
considerably deteriorate. 

While fodder crops deteriorate towards maturity, 
from the conversion of soluble carbohydrates into fibre, 
crops such as potatoes and mangel improve, tlie carbo¬ 
hydrates produced in their case being rc'.spectivtsly 
starch and sugar, both of them Biibstanccs of groat 
feeding value. 

The influence of high manuring on the compo.sition 
of green crops and roots is generally considerable. A 
luxuriant crop will always contain more water than 
one in less active growth. Very large mangels may 
contain only 6—8 per cent, of dry matter, while in 
quite small roots the proportion may bo as high as 
14 per cent. Luxuriance also retards maturity. A 
heavily manured mangel will contain, at the same 
date, a smaller proportion of sugar than a similar 
mangel grown on poorer soil. Liberal nitrogenous 
manuring, while greatly increasing the bulk of the 
crop, will thus at the same time diminish the pro¬ 
portion of carbohydrates, and increase the proportion 
of nitrogen, ash constituents, and water present. In 
highly manured crops a smaller proportion of the 
nitrogen will exist as albuminoids than in crops loss 
heavily manured and more mature. Thus, in a crop 
of mangels of 18 tons per acre, manured with farm¬ 
yard manure only, the albuminoid nitrogen amounted 
to 38 per cent, of the total nitrogen; while in a crop 
of 28 tqps, manured with nitrate of soda and super- 
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phosphate in addition to the dung, the albuminoid 
nitrogen was only 29 per cent, of the total. It is 
evident, therefore, that the large mangels or turnips, 
produced by very liberal manuring, are less nutritious 
than smaller roots. At the same time, it must not 
be forgotten that the total amount of food produced 
per acre is much greater under liberal manuring. 
Potatoes, unlike mangels, deteriorate but little in 
quality as they increase in size. Turnips grown with 
superphosphate alone on exhausted land are deficient 
in nitrogenous constituents. 

In the case of hay the composition is further affected 
by the conditions of hay-making, and by the subsequent 
changes in the rick. Hay that has suffered from rain 
during hay-making will contain less soluble matter 
(carbohydrates and albuminoids) than well-made hay; 
this loss will be greatly increased if the hay has been 
long in the field, and undergone fermentation as well 
as washing. The changes which take place in the 
rick are seen on a larger scale in the process of 
ensilage. 

When green fodder is stored in a sih the mass 
becomes hot from fermentation, a loss both of water 
and solid matter takes place, carbonic acid and other 
gases being evolved. If the green fodder has been out 
small, and compressed by weights as soon as it was 
placed in the silo, oxidation is at a minimum; under 
these circumstances, alcoholic, lactic, and butyric 
fermentation sets in more or less strongly, and “ sour 
silage ” is produced. If, on the other hand, the silo is 
filled gradually, and a few days elapse before the 
weights are applied, the temperature rises much 
higW, owing to the greater bulk of air s^olosed. 
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If the mass is weighted as soon as 140®—160° Fahr. 
is reached, '"sweet silage” will result, the high 
temperature having been fatal to the bacteria which 
produce an acid fermentation. 

In making silage the loss of solid matter falls chiefly 
on the carbohydrates. The total nitrogen is scarcely 
a»ltered in quantity, but a considerable part of the 
a,l buminoids is destroyed, the nitrogen being found in 
thie silage as amides, or as ammonium salts. In the 
case of "sour silage” one-third of the albuminoids is 
not unfrequently destroyed. In making sweet silage 
thete is a smaller destruction of albuminoids, but they 
become much less digestible. The loss of solid matter 
in the bIo is greater in proportion to the air admitted. 
It is leist when the materisl is sufficiently moist and 
is firmly coHsoMated. The loss is less in large silos 
tban in small. 

In stack silage the outside portion and the inner 
mass are of very different character, air being freely 
present on the outside, but nearly excluded in the 
solid interior. The character of the inner mass 
depends on the degree of moisture, the loose or close 
packing of the material, and the speed with which 
tb.© stack is built and subjected to pressure. 

Big^tihility of Poods.— Our knowledge concerning 
tbe digestion of food by farm animals is almost entirely 
derived from G-erman investigations ; much information 
bas already been obtained upon this subject, though a 
great deal yet remains to be accomplished. The 
general method of investigation has been to supply an 
animal with weighed quantities of food, the composition 
of which has been ascertained by chemical analysis. 
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During this experiemental diet the solid excrements 
are colJectod o.nd weighed, and are finally analysed by 
the same chemical inothods previously applied to the 
food. Sul)jcct, therefore, to some small errors, Jirising 
from intestinal secreLiona, we obtain by this plan tlui 
amount of eacli constituent of the food which has 
passed tlirough the animal unabsorbed, and by difhn- 
ence tlie amount digested.^ 

(1) lixpcrivients with Huminants, — Buminaiing^ 
animals possess an extensive digesting apparatus, con¬ 
sisting of the so-callcd four stomachs, in addition to 
the intestinal organs. Food takes a considcralilc time 
in passing through this system. In changing the diidi 
of an ox, five days will generally elapse bedoro tlie 
remains of the prciccding diet arc entirely exp(‘.ll(^d by 
the {i.nimal. Animals of tin's class are sp<icia]ly a-dapted 
for the digestion of bulky foods containing much fibre. 


* Tho cjrror iMkoduc(xl by rociconing infcuHlinal BooroUona an uu* 
cligostod food 19 goncrally vory Binall, bat it bocomoH ooiiHidora.blo in 
cortijvin oaKo.s. Thus, wlion an animal is fed on food vory poor in 
nitrogen, as straw, it somotimos ajipoars as if no nitrogonoiiH m.*ittor 
had boon dig(iH(i(3d, tho nitrogen famished by tho intestinal soon^tionH 
being equal or groator than tho nitrogen asHiniilatod. Wo have, ihon^- 
foro, to hoar in mind that tlio digestion coo(hoi<3nts found for nitro- 
gonovis matter are always r.f)rnewhat below 11 lo truth, and tha.t this in 
especially ho in the oasi'i of foods poor in ivitrn/psi. It is (»hvioim, how- 
ovor, that oven wlion tho amount digOHt{3d is incorrectly roekoiKul, tho 
nc,t (jain of iiilrogenoitn viatter ia the aniinal in fruly stated. Ah fas* a,n 
the animalis concerned it comes to the saino thing whetlnn* we say 
that 70 per cent, of the nitrogenous matter in the food in a!iaimUat<'.d, 
while at tho Harnc time a (piantity ecpial to 5 per cent, is excrelcd ; f>r 
whether wo say that 65 per cent, is assimilatful, and take no nolo of 
tho (ixeu^tion. Tho remarks just made apply equally to the diger.tiou 
coenicionts found for fat, wlion this is present in very email (fiinutity 
(as in the case of hay or straw), biliary mattora solubio in etlnu’ being 
reckoned as undigosted fat. 
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E:?porimo]its have boon made with oxen, cows, 
shcuip and goats. Tlie power ot these different 
aniinaJs for digesting food is appn.rently very similar, 
but no accurtitc compjirisons have as yet been made. 
Tlie table (p. Id4) sliows the average results obtained 
with ruminating animals fed on the foods respectively 
mentioned, ddio figures given express the‘'digestion 
coeffieiemts ” found for each constituent of the food 
consunuul. 

The (ligOKtil)ility of the foods in the upper division 
of the table has been for the most part determined 
by feeding animals on these foods alone. The digesti¬ 
bility of the foods in the lower division of the table 
has been found by supplying them in various propor¬ 
tions along with hay, the digestibility of which had 
been already ascertained with the same animal. 

In the case of ordinary meadow and clover hay, the 
total organic matter digested is but 55—GO per cent, 
of that supplied; witli hay of exceptional quality tlic 
proportion digested may rise to 70 per cent. ’With 
straw only about 45—55 p(ir cent, of tlie organic 
matt(u: is digcistcd, the minimum occurring with wheat 
straw. 

TJie digostildlity of the nitrogenous matter in hay 
and straw iucreascs as its proportion rises. A sample 
of wheat straw experimented with contained 4*8 per 
cent, of nitrogenous matter in its dry substance, of 
which only oiic-fifili, or 20 per cent., was digested; 
while good lucorncj hay, with .19*3 per cent, of nitro¬ 
genous nuiitcu', had 7G per cent, of this in a digostibl(i 
form. This genera,I fact is showu by digestion experi- 
me.nts made in the ]aln)rak)ry with pepsin and trypsin 
Bolutiuns, as well as by experiments with an animal; 
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EXPERIMENTS WITH CATTLE, SHEEP AND GOATS. 


Food 

Digested for lOO of each Constituent supi)Iied 

Total 

Organic 

iMatter 

Nitrogenous 

Substance 

Fat 

Soluble 

C:i rbo- 
lij d rates 

Fibre 

Pasture grass .. 

74 

74 

64 

77 

69 

Meadow hay (best) .. 

67 

65 

57 

68 

63 

Meadow hay (medium) 

61 

57 

53 

64 

60 

Meadow hay (poor) .. 

56 

50 

49 

59 

56 

Clover hay (best) 

61 

62 

CO 

70 

47 

Clover hay (medium) 

57 

55 

51 

65 

45 

Lucerne hay (bloom 

62 

77 

39 

70 

43 

beginning) 






Lucerne hay (full 

56 

70 

39 

63 

42 

bloom) 






Maize silage .. 

62 

48 

85 

68 

56 

Oat straw 

48 

30 

33 

44 

54 

♦Barley straw ., 

53 

20 

42 

54 

56 

♦Wheat straw .. 

43 

11 

31 

38 

52 

*Bean straw .. 

65 

49 

57 

68 

43 

♦Cotton cake (decorti¬ 

81 

87 

95 

76 

? 

cated) 






*Cotton cake (undecor- 

64 

74 

90 

51 

16 

ticated) 






*Linseed cake ,. 

80 

86 

90 

80 

50 

*Peas. 

90 

89 

75 

93 

66? 

Beans. 

89 

88 

82 

92 

72? 

Oats. 

71 

78 

83 

77 

26 

*Barley 

86 

70 

89 

92 

? 

*Maize .. 

91 

76 

86 

93 

58 

Rice meal 

75 

63 

85 

86 

26 

Wheat bran .. 

71 

78 

72 

76 

30 

Malt sprouts .. 

81 

78 

50 

86 

85 

Brewers’ grains 

62 

70 

82 

63 

39 

Potatoes 

88 

66 

? 

93 

? 

* Mangels 

88 

77 

? 

96 

? 

♦Turnips 

88 

62 

? 

99 

? 


These lesultM iro erived from a few experiments. 
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the differences are, however, exaggerated in animal 
experiments, from the circumstances mentioned in the 
previous note (p. 142), Amides, being soluble bodies, 
have been usually reckoned as digestible albumin. 

Of the fibre in hay and straw, about 45—60 per 
cent, is generally digested by ruminant animals. The 
fibre of leguminous hay and straw (clover and lucerne 
hay, and bean straw) is less digestible than the fibre 
of similar gramineous foods (grass hay, oat and wheat 
straw). It has been shown that, both in the case of 
the soluble carbohydrates and of the fibre, the portion 
left undigested is much richer in carbon than the 
portion digested. It appears, therefore, that while 
cellulose is digested to a considerable extent, the lignin 
which forms in the tissues as the plant increases 
in age, and which contains a larger proportion of 
carbon, is much less digestible. Chemical analysis 
also shows that the fibre of leguminous hay and straw 
is richer in carbon, and consequently in lignin, than 
the fibre of grass hay or cereal straw. 

The concentrated foods placed in the lower section 
of the table are seen to be far more thoroughly digested 
tlian is the case with hay or straw. When of good 
quality, 80—90 per cent, of the organic matter of 
these foods will be assimilated by the animal, except 
in those cases where much fibre is present. The 
albuminoids and fats in these foods have especially a 
greater digestibility than the same ingredients in hay 
and straw. The amount of fibre is usually too small 
for its digestibility to be determined with certainty. 
The hard fibre forming the husk of seeds is apparently 
but little digested. 

The undigested albuminoids of food have a different 
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coinposiiion from the (lifijc'-stiul; the, uiidi^e.st(i(l albu¬ 
minoids contain pliosphorus, and Jirc partly coinpos('.(l 
of nuclein. 

dMie rc^ady-forined su^'ars, a.nd the stJU’ch ol foods, 
are risuaJly conipl(4ely di^u'.stcul. 

(2) Jh'.penni(ints with .//'or.sv.s*. --In expcriinonts con- 
diu-ted by Wolff tlu'. di‘p'stiv(‘, powtu's of tlu^ horsc^, a,nd 
Bh(‘.op hav(i l)(ien suauiraUdy coinparcal, tlui saam^. food 
having botui sup|)li(Kl to each animal. The principal 
resultB were as folio wb :— 


DIGESTION OF HORSF AND S1IEIG> (X)MirAKlG). 

F'xi>iGUMENa’s wurn horses. 



rroporthin of mOi C^otiMi it.tund, (UgoHtod 
lor lot) Hiippln’tl 


Total 

Oi-f'ueie 

NilroKiMi- 
ouH Sob- 

HtilUOO 


Solnblo 

<lurbo“ 

hy<lmtoH 

Fibro 

graas 

m 

01) 

la 

00 

57 

Meadow hay (very good) 

61 

02 

20 

67 

42 

Mtuidow hay (ordinary) .. 

48 

67 

21 

55 

30 

Red clover liay 

61 

50 

21) 

0*1 

37 

Liujorno hay (very good) 

58 

73 

JO 

70 

•U) 

^OatB . 

08 

80 

71 

74 

21 

♦Beans . 

87 

80 

8 

oa 

09 

♦M'aiiso 

91 

78 

oa 

9'1 

100 


TlioHo roHuIlH an< Uii* nuian of ft fow nx^xu-luuuitH. 


On compairiufy these figures it is evidtmt that a horse 
digests meadow gra,ss and hay loss perfectly tluin a 
shec^i, and th(^ diffiu'cnco between tbcmi iH appa,rently 
as great when the food is young grass as when ordinary 







EXPEBIMFiNTS WITTT STTEEP. 



Froporiiou of (iac.li Oniisl il.inoif; 

- for lUU Ntj])|ili('d. 

l 

Food 

'Poliil 

Orf'-itiifi 

Rhittcr 

Nit.1*11;.'.''!!- 
OMS iSiil»- 
st.:uic(i 

Fill-, 

Sollllllo 

(l;i rlin- 

l'’ihro 

'“PaKliuro grasH 

75 

73 

65 

76 

SO 

Mosiilow hay (very '.^ood) 

Gt 

65 

51 

65 

63 

Mhadow hay (oKliiuuy) .. 

5!) 

57 

51 

62 

5G 

Rod clover hay 

55 

56 

58 

()1 

•19 

Luccruo hay (very /-(xai) 

59 

71 

41 

66 

15 

* OaiiH . 

71 

80 

83 

7G 

30 

.Roans . 

90 

87 

81 

91 

79 

♦Miaiijo .. 

SO 

79 

85 

91 

G2 


* 'I’ho.so rcHultiH uro tiho moan of a few oxporiuiouts. 


bay is employed. There is little <lirf(.vronco in th(', pro¬ 
portion oF albiiniinoids assimilated by the two juiimails, 
but the divcirgeuco b(icomes considerable when we 
come to tlie (jarbohydrates, (ibrci, jind fat. Of the 
carbohydrates the horse dig(‘,sts 7—10 per cent., of 
tlu^ lilrro 21 per cent., and of tlie fal and waxy matter 
24”"»52 per cent, less than the shecip. On the whole, 
the horsci di^^u^sts about 12 per cent, less of th(^ total 
orj^cinic matter of grass hay than the sh('.(',p. Witli rod 
clover hay the results with the horse are better. 
With lucerne hay of good qua-lity tlie digestion by tlu^ 
horse is still lietter, and (save as ixigards the Hit) practi¬ 
cally ('.(puds tliat of the sheep. The Binaller digi'.stive 
powen: of the horse for vegetable hbre is plainly (U)u- 
ncctcd with the fact that it is not, like the sluui]), a 
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ruminant animal, and is thus unprovided with the 
same means of attacking an insoluble food. 

With corn the digestion of the horse is apparently 
quite equal to that of the sheep. No stress must, of 
course, be laid on the digestion coefficients found for 
ingredients of the food present in small quantity, as 
the fat and fibre of beans, and the fibre of maize. 

In French experiments, in which horses were fed on 
one kind of food alone, it was found that they digested 
94*5 per cent, of the organic constituents of maize, 93*3 
per cent, of wheat bran, 84*5 per cent, both of barley 
and beans, 75*1 per cent, of oats, 43*3—61*0 per cent, 
of meadow hay, 49*4 per cent, of wheat straw, and 
94*6 per cent, of carrots. The grain was supplied in 
a crushed state. A horse is capable of digesting un¬ 
crushed maize, but with uncrushed oats a part will 
escape digestion. 

(3) Exjperiments with Pigs .—These have not been 
so numerous as those with ruminant animals. The 
following table shows the digestibility ascertained for 
some of the common pig foods. 

The digestive power of the pig for the foods here 
mentioned is very considerable, and, in cases admitting 
of comparison, appears to be fully equal to that pos¬ 
sessed by ruminant animals. Nor is the pig incapable 
of digesting vegetable fibre, when this is presented in 
a favourable condition. Two pigs fed on green oats 
and vetches digested 48*9 per cent, of the fibre supplied. 
The digestive apparatus of a pig is not, however, 
adapted for dealing successfully with bulky fodder. 
Pigs are very capable of digesting animal food, as will 
be seen from the results obtained with milk and meat 
flour quoted in the table. 
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EXPERIMENTS WITH PIGS. 


Pood 

Digested for TOO supplied 

Total Organic 
Matter 

Nitrogenous 

Substance 

Fat 

Soluble Car- 
bob yelrates 

Fibre 

■’^Sour milk 

97 

96 

95 

99 

.. 

flour 

95 

97 

87 

.. 

.. 

Pea meal 

91 

88 

49 

97 

68 

Maize meal .. 

92 

86 

76 

95 

40 

Barley meal ., 

81 

79 

60 

91 

22 

*Bye bran 

67 

66 

53 

75 

9 

Potatoes 

93 

73 

•• 

98 

55 


* The numbers in these cases are the mean of a few experiments. 


(4) Experiments with Geese and Foxols ,—Birds have 
apparently no power of digesting vegetable fibre; tlie 
food passes too quickly through the system for the 
fibre to be attacked. 

Circtimstances affecting DigestiMlity. — The indi¬ 
vidual character of the animal undoubtedly affects the 
proj)ortion digested. Of two animals supplied with 
the same food, one will often persistently digest a 
larger proportion than the other. In young animals 
the digestive power is* apparently equal to that of 
animals of full age. Sheep from six to fourteen months 
old showed no distinct change in digestive capacity. 

Diiferences in gxiantity of the daily ration of hay 
do not sensibly affect the proportion digested; an 
animal will not digest more by being starved. With, 
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however, a very abundant and rich diet the proportion 
digested may be seriously diminished. 

The inlluence of labour on digestion is inconsider¬ 
able. The mean of Grandeau and Leclerc’s numerous 
experiments on Paris cab horses was as follows :— 


Food Digested. 

At rest. 1,000 

Walking oxorciso . 1,032 

At work walking .. ,. .. .. 1,007 

Trotting 976 

At work trotting .. .. ., .. 973 

At work in cab.. .. .. .. .. 959 


The cooldng ol food is generally of doubtful advan¬ 
tage ; beans, maize, and bran are not better digested 
by horse or ox when previously soaked in water. 
Barley, maize, and pea meal have been found more 
nourishing for pigs when given dry than when pre¬ 
viously cooked. When food has been treated with 
boiling water the digestibility of the albuminoids is 
distinctly diminished. 

Differences in the quality of a food may exercise a 
great influence on its digestibility; the addition of 
anotlier food may also considerably alter the rate of 
digestion of the first food. 

The digestibility of fodder plants is mainly deter¬ 
mined. by their age; all the constituents of a young 
plant are more digestible than in the same plant of 
greater age. The composition of meadow grass cut at 
three different dates has been already given on page 
138; the three cuttings were supplied to sheep in the 
form of hay, and the following digestion coefficients 
were obtained:— 
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DIGESTION OF HAY BY SHEEP. 


Date of Cutting 

Proportion of each Constituent digested for 100 
supplied 

Total 

Organic 

Matter 

Nitro¬ 

genous 

Substance 

Fat 

Soluble 

Carbo¬ 

hydrates 

Fibre 

May 14 

75-8 

73*3 

G5-4 

75*7 

79-5 

June 9 

64-3 

72-1 

51*6 

61-9 

65*7 

,, 20 .. 

57-5 

55-5 

43-3 

1 

55-7 

61*1 


The diminution in digestibility with the increasing 
maturity of the grass is very striking, and is very 
equally spread over all the constituents. Experiments 
with clover cut at different stages of growth have 
yielded similar results. 

It follows from what has just been stated that no 
fixed nutritive value can be ascribed to fodder crops, 
or to the hay made from them, as both their composi¬ 
tion and digestibility are largely influenced by their 
age and condition when cut. The young plant is 
always the most nutritive. The superior fattening 
quality of a pasture, as compared with that of the hay 
made from it, is clearly due to the fact that on land 
continuously grazed the animal is entirely fed on young 
herbage, while hay will always consist of the fully- 
grown plant. Illustrations of the different digestibility 
of hay of various qualities have been already given 
on pp. 144 and 146. 

Fodder crops do not sensibly diminish in digesti¬ 
bility by being made into hay, if hay-making is carefully 
carried out in good weather ; but the loss of the finer 
parts of the plant by rough treatment, or the wash¬ 
ing out of soluble matter by rain, may considerably 
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diminish the digestibility.^ Hay appears to lose some 
of its digestibility by keeping. In hay which has 
become brown by heating, the digestibility of the 
albuminoids, and of the soluble carbohydrates, is 
diminished, while the digestibility of the fibre is 
increased. 

In silage the digestibility of the albuminoids is also 
seriously diminished. Wolff cut meadow grass early 
in October, dried a part, and constructed with the 
remainder a silage stack. The grass was tolerably 
dry, and no leakage from the stack occurred. In 
March and April the dried grass and the silage were 
consumed by sheep. The digestion coefficients found 
were as follows :— 



Digested for 100 consumed 


Total 

Organic 

Matter 

Nitro¬ 

genous 

Substance 

Albu¬ 

minoids 

Fat 

Soluble 

Garbo- 

hydrates 

Fibre 

Grass 

59*8 

66-0 

49-3 

45-7 

60*8 

61-8 

Silage 

Si *2 

27*2 

2*4 

60-9 

52-1 

71-2 


The albuminoids in the silage thus appeared to be 
almost indigestible; the amides only were taken up by 
the sheep. Similar, though less striking, results have 
been obtained by other experimenters. 

Infiiienee of one Food on the Digestioji of another ,— 
If to a diet of hay and straw, consumed by a ruminant 
animal, a pure albuminoid, as wheat gluten, be added. 


* Though the digestibility of the hay may he nearly the same as 
that of the original green fodder, the labour required to digest the 
hay will be greater, and its value for the production of work and 
increase will therefore be somewhat diminished. 
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the added food is entirely digested without the rate of 
digestion of the original food being sensibly altered. 
The same result has been obtained in experiments with 
pigs fed on potatoes, to which variable quantities of 
meat flour were afterwards added: the albuminoids 
of the meat were entirely digested, while the propor¬ 
tion of the potatoes digested remained unchanged. 

An addition of oil (olive, poppy, and rape oil) to a 
diet of hay and straw is also apparently without 
unfavourable influence on the rate of digestion; 
indeed, some experiments with small quantities of 
oil lb. of oil per day per 1,000 lbs. live weight) 
show an improved digestion of the dry fodder. Oil 
supplied in moderate quantities is itself entirely 
digested. 

An addition of starch or sugar to a diet of hay or 
straw will, on the contrary, diminish its digestibility, 
if the amount added exceeds 10 per cent, of the dry 
fodder. The albuminoids of the food suffer the greatest 
loss of digestibility under these circumstances; the 
fibre also suffers in digestibility if the amount of carbo¬ 
hydrate added is considerable. When starch has been 
added, it is itself completely digested, if the ratio of 
the nitrogenous to the non-nitrogenous constituents 
of the diet (see p. 163) is not less than 1:8. 

These facts are of considerable practical importance. 
Nitrogenous foods, as oilcake and bean meal, may be 
given with hay and straw chaff without affecting their 
digestibility; but foods rich in carbohydrates, as 
potatoes and mangels, cannot be given in greater 
proportion than 15 per cent, of the fodder (both 
reckoned as diy food) without more or less diminish¬ 
ing the digestibility of the latter. This decrease in 
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di^]^eRtil)ility however, be counteracted in great 

lucasma^ by supplying witli tlie potatoes or mangels 
soiiKi niti'()g(ui()us food. Wluui this is done the pro- 
pi )i*tion of roots or p()t;ito(',s may be double that just 
numtioiKul wilJiout a se.rious loss of digestibility. 
i\)tn,to(^s (\X(S’eist‘. a gn^jiter depressing effect on the 
dig(^stibility of hay than roots, starcli being more 
potent in ibis rc^spect than sugar. Tlie cereal grains 
a-re ricli in sta,rch, but contain also a fair proportion 
of albinuinoids; tluay may be added to dry fodder 
without s(u*ions]y alTcadmig its digestibility, if the pro- 
])ortion of tlie nitrogenous to tlie non-nitrogenoas 
constituents of the diet is not less tlain 1:8. 

Comvion salt is well known to be a useful addition 
to the food of a/iiiinals, but cxpea’iincnts liave failed 
to show that it increases the digestibility of food. 
Wluui sodium salts are dcficiont in the food, salt 
supplies tlio blood with a necessary constituent. 
Kodium salts arc ioku’ably abundant in roots and 
cabbage, and Bma.ll iu (piantity in bay and straw ; they 
a,r(‘. absent in grain of all kinds. According to Bunge, 
sa.It is needed only in tlie case of foods containing a 
large, proportion of potasli to soda. Of these the potato 
is the most prominent example, A small cpiantity of 
salt is r(u;()min(sid(',d as a. generjil ingredient of animal 
(bids; but a<n (.‘xcimss of s;ilt interferes with nutrition by 
increa,sing thc^ <piantiiy of water drunk, and with this 
the d(‘gra,da.tion, of albumin and the production of urea. 

Compax’ative Hixtritive Value of Foods. -(1) Propor¬ 
tion of Digcstibis Matter. ]Ia,ving made ourselves 
ac{|uaint(Kl loth with the composition, and with the 
degree of digestibility of ordinary cattle foods, we are 
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now in a position to enter on some general considera¬ 
tions as to their relative feeding value. The following 
table shows the quantity of digestible nutritive matter 
in 1,000 lbs. of ordinary foods when supplied to sheep 
or oxen. In calculating the amount of digestible 
albuminoids it has been assumed that in the original 
digestion experiment the amides and nitrates present, 
being soluble bodies, have been reckoned as digestible 
nitrogenous substance. 


DIGESTIBLE MATTEL IN 1,000 LBS. OP VABIOUS POODS. 



Total Organic 
Matter 

Nitrogenous 

Substance 

Fat 

Soluble 

Carbo¬ 

hydrates 

Fibre 

Albu¬ 

minoids 

Amides, 

&c. 

Cotton cake (decorticated) 

691 

374 

18 

128 

153 

13 

,, ,, (undecorticattd) 

422 

150 

13 

50 

177 

32 

Linseed cake 


655 

230 

11 

103 

266 

45 

Peas 


747 

175 

25 

12 

499 

36 

Beans 


733 

19G 

28 

12 

446 

51 

♦Wheat .. 


786 

92 

13 

16 

656 

10 

Oats 


COO 

81 

7 

46 

441 

26 

Barley 


715 

70 

4 

19 

607 

15 

Maize 


786 

73 

6 

44 

651 

12 

Bice meal 


G12 

67 

10 

102 

411 

22 

Wheat bran 


585 

90 

20 

27 

426 

22 

Malt sprouts 


G81 

114 

71 

11 

379 

106 


* In the abReiioe of oxporiuicnts, it is assumed that wheat is digested like other 
Ihodfi of the same class. 
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DIGESTIBLE MATTER IN 1,000 LBS. OP VARIOUS FOODb. 



Total Organic 
Matter 

Nitrogenous 

Subalauco 

Fat 

Soluble 

Carbo¬ 

hydrates 

Fibre 

Albu- 

minokls 

AmidcH.. 

&c. 

Brewers* grains ,. 

137 

34 

2 

14 

67 

20 

„ „ (dried).. 

629 

136 

8 

57 

2GG 

62 

Pasture grass .. 

156 

19 

11 

6 

84 

36 

Clover (bloom beginning) 

123 

17 

8 

5 

63 

30 

Clover hay (medium) .. 

440 

47 

25 

13 

242 

113 

Meadow hay (best) 

611 

60 

18 

13 

269 

151 

„ „ (medium) 

485 

40 

12 

12 

269 

152 

» .. (poor) .. 

460 

29 

5 

10 

242 

174 

Maize silage 

124 

1 

7 

7 

75 

34 

Bean straw 

412 

4 

0 

6 

211 

165 

Oat straw 

381 

7 

6 

7 

163 

199 

Barley straw 

426 

4 

3 

6 

211 

202 

Wheat straw 

351 


t 

4 

150 

193 

Potatoes. 

213 

5 

9 

1 

:i95 

3 

Mangels (large) .. 

89 

1 

8 

i 

74 

C 

„ (small).. 

109 ! 

2 

6 

4 

96 

6 

Swedes. 

87 

2 

7 

1 

71 

G 

Turnips . * 

68 

1 

5 

i 

1 

56 

6 


The figures in this table represent avera,ge results ; 
•with different qualities of food, and different animals. 
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somewhat different quantities of matter will be 
digested. 

(2) Capacity for Producing Tleaty WorJcj and In¬ 
crease .—The quantity of digestible constiiuonts which 
a food contains does not sufficiently indicate its nutri¬ 
tive worth, owing to the unequal value of its various 
constituents, the unequal losses which talcc place 
during the processes of digestion and utilisation, and 
the unequal labour which the process of digestion 
requires in various cases. Thanlcs chiefly to the 
laborious researches of Kellner and Zuntz, already 
noticed, we are now able to estimate more or less 
exactly what is the final value to the animal of a 
digested food. 

The most accurate method of ascertaining the value 
of any food is to experiment with it ; but as the 
necessary investigations have as yet been made in 
only a few instances, we must proceed at proHcnt on 
the general plan of valuing food by summing together 
the values of its constituents. The only common 
function of food constituents wliich can be used for 
this purpose is their capacity for producing lico/t in 
the body. Wc have already seen (pp. 12()-12r)) that the 
initial value of food ; the losses which it suffers during 
digestion ; the labour expended in this operation ; and 
the final value of food to the animal, can all bo 
expressed in terms of heat. Wc must, however, bear 
in mind that this method of determining the value of 
food to an animal fails in one point. The amount of 
heat which a food is capable of producing does not 
necessarily express its power of increasing or reiujw- 
ing the nitrogemous tissues of the body, this depends 
solely on the amount of the albuminoid constituents 



THE CHEMTRTTIY OF THE FAEM 


ir,R 


of the diet. We may, however, safely assert that 
the amount of heat generated by the combustion of 
the digestible constituents of any food, after making 
the deductions already referred to, will form a true 
guide to its nutritive value whenever the diet of which 
it forms a part supplies a sufficient amount of digestible 
albuminoids, and this will be the case whenever foods 
are skilfully employed. 

We have already seen (p. 123) that the value of any 
food to an animal may be quite different according as 
it is employed for the purpose of maintaining the con¬ 
dition of the auinial when at rest, or when employed 
for the production of increase or the performance of 
external work ; and that this is especially true in the 
case of fibrous foods, as hay or straw. The heat which 
is the final ^outcome of the mechanical labour em¬ 
ployed in the digestion of these fibrous foods is quite 
capable of warming the animal, but the energy thus 
developed is not generated in the muscles of the limbs 
and is thus useless for j)erforming external work, and 
it is equally useless for the production of animal 
increase. As soon, however, as the animal is supplied 
with a liberal diet in order to perforrii work or yield 
increase, the quantity of waste heat available for 
warming tbe animal is so greatly increased, that the 
heat produced by the digestion labour ceases to be of 
any use to the animal. Foods are thus to be valued 
at tbe full heat value of their digestible constituents, 
including fibre, wben used in limited quantities for 
maintenance only, deduction being simply made for 
the unbiirnt matter contained in the urine and intes¬ 
tinal gases (table, p. 120). 

The valuation of food for the production of increase 
is less easy. Kellner's average results (table, p. 125) 
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supply US with the relative values of fat, all)n- 
minoids, and carbohydrates for the production of 
increase in the ox, but the value of di^*cstil)le fibre is 
not given. We have, however, the values for tlu^ 
production o*^ increase actually obtained when meadow 
hay, oat straw of good quality, and wla^at sti-aw wer(^ 
added to a rather meagre diet for the pur|)ose of liittcai- 
ing. If we take the digestible fat, albuminoids, and 
carbohydrates of the iruiadow liay, and, givii to (‘luih 
the average calorific value found for it in .K(ilhu;r’s 
production experiments, we find tha,t the sum of these 
values is almost identical with the calorific value 
actually obtained when the hay was used a.s food. A 
similar calculation in the case of the oat straw shows 
also a near agreement with the value actually ohtairuul 
by experiment. With wheat straw the case is dif¬ 
ferent; the calcukitcd value is here much al)ov('. that 
found on actual trial. With the exception, tlKjn^forc, 
of straw of this character, the simple omission of the 
digested fibre from the calculation appe^ars to givci 
results nearly agrecu’ng with the tridh. Wo must 
remember, howcwor, tliat this is only tlu'. (‘.ase so long 
as we arc dealing with riiiuinant a,nimarls ; in tlu^ e,as(’! 
of the horse, as Zuutz has shown, giving no va.lu<i to 
the fibre does not suffice to obtain an accurate (expres¬ 
sion of the value of a labour ration. 

In the following table wc give tlie calculaited values 
of ordinary cattle foods both for maintenance and pro¬ 
duction purposes. To obtain the Qiiaintenanca value 
in terms of starch,'^Qxolot to the amounts of digiisiiblc 
constituents contained in 1,000 lbs. of tlio food (pp. J r>5, 
156), and make the following simple calculation 

Albuminoids x 1*26 + Amidos x 0-G -h Fat x 2’§ 4 - Oarbo- 
,hydratoa -f Fibro. 



COMPARATIVE VALUES OE ORDINARY FOODS FOR 
OXEN AND SHEEP. 



For Maintenance 

For Production 


Value of 
1,000 Vbs. 
expresRo.il 
as btarch 

Quantities 
equivalent 
to 1 11). of 
Starch 

Value of 
1,000 lbs. 
expressed 
as Starch 

Quantities 
equivalent 
to 1 lb. of 
Starch 


lbs. 

lbs. 

lbs. 

lbs. 

Cotton cako (clocorbicated) 

944 

1-06 

82 

1*21 

Maizo 

859 

M6 

825 

1-21 

Wheat. 

823 

1-21 

783 

1-23 

Xjinfioed cako 

812 

1-18 

733 

1 36 

Barley. 

755 

1*32 

721 

1-39 

Bico meal 

758 

1*32 

713 

1-40 

Peas . 

796 

1*25 

702 

1-42 

P>Gans . 

786 

1*27 

670 

1-49 

Oats . 

676 

1-48 

626 

1-60 

Wheat bran 

635 

1*57 

678 

1*73 

Ik-owcrs’ gfains (dried).. 

634 

1*58 

533 

188 

Malt sprouts 

695 

1-44 

518 

1'93 

Cotton cako (undooorti- 

519 

1*93 

442 

2-26 

catod) 



359 

2-79 

Meadow hay (beat) 

536 

1*87 

,, ,, (medium).. 

506 

1-08 

337 

2-97 

Clover hay (modium) .. 

459 

2T8 

319 

3-13 

Meadow hay (poor) 

479 

2*09 

294 

3-40 

Bean straw 

421 

2-38 

252 

3*97 

Oat and barley straw .. 

412 

2-43 

207 

4-83 

Potatoes .. 

212 

4-72 

202 

4-95 

Mang(3ls (small).. 

o 

CD 

9-26 

99 

10-10 

Wheat straw 

357 

2-80 

96* 

10*41* 

Maize silage 

131 

7 *63 

02 

10-87 

Clover (bloom beginning) 

181 

7*63 

92 

10*87 

Mangels (largo) .. 

87 

11-49 

76 

13-16 

Swedes .. 

86 

11*63 

75 

13*33 ■ 

Turnips. 

68 

14*71 

59 

16*95 


« Those ngares aro tlio proanotlon values actually obtained iu TCellncr'.s ex- 
porimonta. 




COMPARATIVE NUTRITIVE VALUE OF FOODS IGi 

To obtain the productioji value in ter7m of starch, 
the calculation is still simpler :— 

Pat X 2‘3 + Albuminoids + Oarbohydratios. 

The totals obtained by these calculations (3xpress the 
value of each food, both for maintenance and production 
purposes, in terms of dry, digestible starch.^ The table 
also shows what weight of each food is equivalent in 
effect to 1 lb. of starch. 

The different rank which a fibrous food takes accord¬ 
ing to the work which it has to perform is clearly 
shown in this table. It appears that 2 lbs. of oat 
straw, or wheat straw, may replace 1 lb. of corn if 
the ox or sheep is merely on a maintenance diet; but 
that 1 lb. of corn will have as great an effect as 
4 lbs. of oat straw, or 8 lbs. of wheat straw, wlien the 
animal has to grow or fatten. 

The equivalent quantities of different foods shown 
in the table agree fairly with tliose ascertained by 
actual feeding experiments. Thus the very numerous, 
but somewhat rough, Danish e.xpcrimenfs witli fatL(3n- 
ing pigs, showed that 4 lbs. of potatoes, or 7—8 Il)s. 
of mangel, would adequately replace 1 lb. of corn im^al 
(rye, barley, or maize). In American expcuhuents with 
pigs, 4| lbs. of potatoes were equivalent to 1 lb. of 
maize meal. In the old French estimates, 5 ll)s. of 
turnips, or ^ lb. of peas or barley, were reckoned (‘.qua,! 
to 1 lb. of best meadow hay. 

The table teaches us that an equal weight of corn 


^ It should, of course, bo romomborod tliat starcli luia a diffiu'cjtit 
valuG for maiutonanco and i)i:oduction, tlio Bta.iidn.rd unit doos not 
thereforo ropresont the same number of Galorioa on both sides of the 
table on p. 160. 
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or oilcake will have a nearly similar feeding value if 
supplied to an animal receiving a sufficient amount of 
albuminoids in its diet, as, for instance, if given to 
sheep feeding on grass or clover. In the Woburn 
experiments, the rotation clover was consumed on the 
land by sheep receiving 728 lbs. of decorticated cotton- 
cake, or 728 lbs. of maize meal, per acre. The average 
gain in weight of ten sheep, in eight annual trials, was 
362^ lbs. when receiving the cake, and 356^ lbs. when 
fed with an equal quantity of maize. 

The general practical lesson to be drawn from this 
section is that many foods can be substituted for each 
other without altering the value of the whole diet. A 
farmer should be able to introduce economy into his 
feeding by watching the market and making use of 
those foods which are cheapest. In making his selec¬ 
tion, the maniiro value of the food must, however, be 
taken into account (sec p. 219). 

(3) Vro%)ortion of A Ib aminoids to Non-A Ibuminoids .— 
A point of some importance in determining the suita¬ 
bility of a food as an article of diet is the proportion 
between the digestible albuminoid and the digestible 
non-albuminoid organic constituents : this relation is 
most conveniently termed the albuminoid ratio ” of 
the food. Before calculating this relation, the non¬ 
albuminoid ingredients of the food are first reduced to 
their equivalent in starch.^ 


^ The equivalent of the non-nitrogonous matter in starch may he 
found with sulliciont accuracy by multipying the digestible fat by 2-3, 
and adding to this the amount of digostiblo carbohydrates and the 
digestible fibre. The non-albuminoids are approximately found by 
adding to this total the digestible amides, previously multiplied by 0*6. 
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EEL4TION ON NITROGENOUS TO NON-NITROGF,NOUS 
CONSTITUENTS IN THE DIGIiSTIHIilO PART OF POOR. 



Total NitroKoiinns 
Sub.stniico to Noii- 
Nitrogoiioim 

AlbmtiliioIdN t<i! 
Non-Albuminoids 

Cotton cake (decorticated)., 

1 : 1*2 

1: 1-8 

j, (undecorticatod) 

1 : 2-0 

1: 2*2 

Linseed cako 

1 : 2-3 

1: 2-4 

Beans . 

1 : 2*3 

1 : 2*8 

Beas •• •• •«! •• 

1 : 2-8 

1 : 8*3 

Brewers* grains 

1 : 3*3 

1 : 35 

Malt sprouts. 

1 : 2*8 

1: 4-9 

Wheat bran. 

1 : i‘6 

1 : 5*8 

Bed clover (bloom begi ii n i tig) 

1 : 4-2 

1 : 6-4 

Oats. 

1 : C-5 

1 : 7*1 

Pasture grass 

1 ; 4*6 

1 : 7-4 

Meadow hay (best) .. 

1 : 5-8 

1 : 7*7 

Wheat . 

1 : 6*7 

1 : 7*7 

Clover hay (incdiuni) 

1 : 5*3 

1 : 8*5 

Barley . 

1 : 0-0 

1 : 0*5 

Bean straw. 

1 : 0-5 

_ 

Bice meal. 

1 : 8-7 

1 : ,10-1 

Maize. 

1 : 0*7 

1: 10*5 

Meadow hay (mt■ diimj) 

1 ; 8-G 

1: 11*4 

„ (poor).. 

1 : 13-2 

1 ; 15*2 

Potatoes . 

1 : 14*3 

1 : 41*1 

Swedes 

1 : 8-8 

1 ; 41*8 

Mangels (small) 

1 :12*8 

1 : 52*9 

Oat straw. 

1 : 31*5 

1 : 54*4 

Turnips . 

1 : 10*6 

1 : GG'3 

Mangels (large) 

1 : 0*0 

1 : 8G-0 

Barley straw. 

1 :G1'0 

1 : 107*2 

Maize silage .. 

1 :15*G 

1 : 129 •;! 

Wheat straw 

1 : 88-1 
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In tlio first column of the preceding table the whole 
of tlie nitrogen in the food is reckoned as existing as 
ailbuininoids. This supposition, though erroneous, is 
the one most usiia11.y made in calculating the albuminoid 
ratio. In the second column the true albuminoids only 
arc taken account of, and the amides have been 
r(ic1voiied among the non-albuminous constituents at 
tluhr proper Inuit value. Wo shall employ these latter 
ratios in the presemt work. 

figures show in a striking manner the wide 
(liffcvrcnces that exist amongst foods as to the proportion 
of arbiiminoids which they supply. The oilcakes and 
hg^iiminous seeds are seen to be rich in albuminoids, 
iind roots and sliraw very poor, wliilo cereal grains and 
iluhr ]yrodiu*-ts occupy a middle place. The differences 
are far greatcu: than was formerly supposed, when it 
was customary to assume that the whole of the 
nitrogen of food was albuminoid. The poverty of a 
diet of roots and straw cliaff in digestible albuminoids 
is one I'eason of the excellent effects produced by the 
a/ldition of oilcake or leguminous corn. Oilcake, 
pcijis, and beans used under these circumstances have 
an (‘JToct far above their own intrinsic feeding value, as 
th(‘ir pr(',S(mco rais('.s the character of the whole diet, 
and en:U)l(^s the caii/ohydratos of the roots a,nd straw 
to conirihute to the formii.tion of carcase. If, on the 
otluvrhand, an animal is a,t pa.sturc, or fed with good 
hay, and is thus receiving a surfuacincy of albuminoids, 
the use of oil-CMikai or beans may be without especial 
advajiijigci to tlie animal, n.ndthey maybe economically 
r(\plac;ed by some cereal grain. 

It should 1)0 recolkicted that the albuminoid ratio of 
a food may be different for different animals if their 
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powers of digestion are unequal. Tims the same 
meadow hay supplied by Wolil to sheep and liorses 
had for the former an albuminoid ratio of 1 : 9*1, and 
for the latter a ratio of 1: 6*7. The horse, as we have 
seen, digests the nitrogenous constituents of hay nearly 
as well as the sheep, but fails in digesting some of tlie 
non-nitrogenous constituents. Hay is thus a more 
nitrogenous food for horses than for sheep. 

The advantage of employing a fixed albuminoid ratio 
in any diet is less than has been generally supposed, 
the same effect being often produced by diets varying 
within pretty wide limits. The proportion of albu¬ 
minoids most suitable for various diets will come under 
consideration in the next chapter. 

(4) Influence of Proportion of Water .—The nutri¬ 
tive value of a food to the animal is affected l)y 
the quantity of water with which it is associated. All 
the water in the food or drink has to be raised to the 
temperature of the animal body, while a part is 
exhaled as vapour in the breath and perspiration, and 
in this process of vaporisation a very considerable 
further amount of heat is consumed. K(dlner found 
that for 100 of water consumed by oxen in a stable as 
food and drink, 46*3 appeared as an average in the 
fooces, 29*2 in the urine, while 24*5 was vaporised. 
The quantity of water required by an animal depends 
partly on the kind of food supplied ; fibrous foods, as 
straw and hay, require considerably more water than 
corn. The oxen in the stable consumed about 4 of 
water to 1 of dry matter when fed on straw and hay, 
and only 3 to 1 when starchy and oily foods were given. 
Foods rich in albuminoids increase the (lenia.nd for 
water, as more urea has to be removed from tbe system. 
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A warm atmosphere, and exercise, will greatly increase 
the amount of perspiration, and consequently the 
amount of water consumed (p. 185). 

With sheep the normal proportion of water to dry 
food is about 2:1; with horses 2— 8 : 1; with cattle 
3_-4 ; 1 . Sheep recently shorn require less water than 
sheep with a heavy fleece. 

Eoots contain an excessive amount of water. A 
sheep feeding on turnips in winter in the open field, 
consuming, say, 20 lbs. of roots per day, will receive in 
its food about 18-4 lbs. of water, of which 15*2 lbs. is 
beyond that necessary for nutrition. This 15'2 lbs. of 
water has to be raised from near the freezing point to 
the temperature of the sheep’s body, arise of 70° Eahr. 
To warm the water to this extent will require the com¬ 
bustion of about 73 grams of dextrose (the sugar in 
turnips), equal to nearly 13. per cent, of the total food 
consumed. The actual waste of food will, however, 
greatly exceed this, as a part of the extra water will be 
exhaled as vapour in the breath and perspiration, and 
to vaporise 1 lb. of water at the temperature of the 
animal body requires the combustion of 66 grams of 
dextrose. The consumption of an excess of water will 
also somewhat increase the amount of albuminoids 
oxidised in the animal body, and thus occasion a waste 
of the nitrogenous part of the food. 

The economy of supplying sheep on roots or green 
fodder with dry food in addition is obvious from the 
facts just stated. By so doing, the quantity of water 
consumed by the animal is diminished, and its pro¬ 
portion in the diet brought more nearly to a normal 
ratio. 

(5) General Conclusions .—Attempts have often been 
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raade to affix a money value to eacli of the constituents 
of food, and, having done this, to calculate the money 
value of any food on the basis of its composition. 
Calculations of this kind can at any time be made on 
the basis of the market jprices ; but values thus arrived 
at are naturally variable, and by no means necessarily 
represent the value of the food to the animal, or its 
value as a source of manure. The relative nutritive 
value of the various constituents of food can be esti¬ 
mated on scientific grounds only on the basis of their 
respective heat-producing powers (p. 157). From this 
point of view, fat has more than twice the value of 
any other food constituent; digestible albuminoids and 
carbohydrates have a similar value, while digestible 
fibre is nearly equal to starch when the food is used 
for mere maintenance, and is to be reckoned as value¬ 
less when the food has to produce external work or 
increase. If, however, the value of the food constitu¬ 
ents is to include, as it must in practice, their manure 
value, the nitrogenous substances and the ash con¬ 
stituents will then become of greatest worth. The 
manure value is at present scarcely taken into account 
in determining the market price of foods. 

The practical effect of any food must depend, in 
great measure, on the conditions under which it is 
employed. Thus the value of a bulky food, as hay or 
straw, is far greater when given to a ruminant animal 
than when consumed by a horse or pig. Concentrated, 
easily digestible foods, as corn and oilcake, have clearly 
a value above their composition when added to a poor 
and bulky food, as straw chaff, or to a watery food like 
turnips, because they are the means of raising the 
quality of the diet to a point at which the animal will 
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thrive. On the other hand, roots and green fodder, 
even when watery and poor in composition, may have 
a considerable effect when added in a moderate propor¬ 
tion to dry food. The highest value is in short only 
obtained from food when it is skilfully employed. 

There is finally a condition which we can never hope 
to express by figures, but which has a considerable 
influence on the effect of any diet; this is flavour. An 
agreeable flavour stimulates appetite, and probably 
promotes digestion. This part of the question belongs, 
however, rather to practice than to science. 



CHAPTER IX. 


EELATION OB’ FOOD TO ANIMAL BEQUIEFMB’.NTS. 

The Ecq^iiiremeyits of the Yoting Animal. —Com position of colostrum 
and milk—Suitable albuminoid ratio of tho food—Food roquire- 
monts in difforont stages of growth—Impoitauco of ash consti¬ 
tuents. The Adult Animal. —Production of luiat—Production of 
work—Miiintoiianco diets—Labour diet—Irilliionco of pace. The 
Fattening Animal. —Oonditions necessary for increase -Results 
obtained when fattening oxen, sbeop, and pigs on ordinary diets— 
Alterations in consumption of food, and rate of increase, as 
fattening proceeds—Albuminoid ratios for fattening animals. 
Productio7i of Wool. —Oomposition of wool—Influence of diet. 
Production of Milk. —Induonco of diot on tho quantity of milk— 
Albuminoid ratio for milking cows—Comparative yield of nitro¬ 
genous produce by cows and oxen—Influence of diet on the quality 
of milk and butter. 

The Young Growing Animal.— Tlie Special feature 
of the nutrition of youn^^^ animals is the rapid formation 
of nitrogenous tissue and bone, for which purpose an 
abundant supply of albuminoids and of suitable asli 
constituents in the food is clearly requisite. 

The kind of food most appropriate to tho wants of a 
young animal is shown by tho composition of milk. 
The milk supplied to the young immediately after 
birth (the colostrum) is of a very concentrated descrip¬ 
tion. During the first week after birth the quantity 
of the milk greatly increases, and its composition gradu¬ 
ally alters from that of colostrum to that of ordinary 
milk. In the following table will be found the com¬ 
position of the colostrum and milk yielded by various 
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animals; the numbers given are the mean of many 
analyses :— 


PERCENTAGE COMPOSITION OF COLOSTRUM. 



Water 

Albu¬ 

minoids 

Fat 

Sugar, 

&c. 

Ash 

Albuminoid 

ratio 

Ewo 

66*4 

16*6 

10*8 

6*0 

1-2 

1 

1*8 

Sow 

70-1 

16-6 

9-5 

3*8 

0*9 

1 

1*6 

Cow 

74V. 

.J7*6 

3*6 

2-6 

1*5 

1 

: 0*6 


PERCENTAGE COMPOSITION OF MILK. 


Ewa 

80*8 

6*5 

6*9 

4*9 

0*9 

1 : 3*1 

Sow 

84-6 

6*4 

4*8 

3-2 

1*0 

1 : 2*2 

Goat 

85*7 

4*3 

4*8 

4*4 

0*8 

1 ; 3*5 

Cow 

87-0 

3*6 

3*9 

4*8 

0*7 

1 : 3*7 

Hmnau ,. 

87-4 

2*3 

3*8 

6*2 

0*3 

1 : 6*2 

Ass 

89-6 

2*3 

1*6 

6*0 

0*5 

1 : 3*9 

Mara .. 

90-8 

20 

1*2 

6*6 

0*4 

1 : 3*9 


PERCENTAGE COMPOSITION OF DRY MATTER. 



Albu- 

minoids 

Fat 

Sugar 

Cow’s colostrum 

Cow’s milk 

69*6 

27*7 

14*2 

80*0 

10*3 

86*9 


The colostrum is characterised by an especially high 
percentage of albuminoids. In milk we find a smaller 
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proportion of albuminoids, and a much larger propor¬ 
tion of sugar. 

The solid matter of milk has a very high feeding 
value, owing to the large proportion of fat and 
albuminoids present, and its almost perfect digesti¬ 
bility. If we take the heat-producing value of dry 
digestible starch as 100, then the heat-producing 
capacity of dry cow’s milk will be about 133. Milk 
also supplies the ash constituents necessary for the 
formation of bone and tissue; 100 lbs. of cow’s milk 
will supply about 0’20 lb. of phosphoric acid, 0T7 lb. of 
lime, and 0T7 lb. of potash. 

The proportion of the nitrogenous to the non-nitro- 
genous constituents in milk is much higher than in 
most vegetable foods. The analyses in the table show 
a relation varying from 1: 2*2 to 1: 3*9 in the milk 
of farm animals, and in colostrum the proportion of 
albuminoids is still- higher. In supplying very young 
animals with artificial food the above facts must be 
borne in mind. The food should clearly be of an easily 
digestible character, and contain a considerable pro¬ 
portion of albuminoids and fat. Instead of this, foods 
rich in starch are too often employed. Linseed is, of ! 
ordinary foods, the one most similar to milk in com- ■ 
position. When calves are fed on separated milk, the 
addition of cod-liver oil has been found very beneficial. 

A young animal makes a very economical use of the 
milk which it receives. At Wisconsin, young lambs 
fed with cows’ milk doubled in weight in twenty>five 
days, gaining 1 lb. for 5*8 lbs. of milk consumed. If 
the milk contained 13 per cent, of dry matter, f lb. of 
dry matter produced 1 lb. of increase. A young calf 
can store up as flesh 69 per cent, of the albuminoids in 
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its milk, and assimilate at the same time 98 per cent, 
of the lime, and 74 per cent, of the phosphoric acid, 
i During the first few weeks of a calfs life, 10 lbs. of 
milk, containing 1*3 lbs. of dry matter, will yield 1 lb. 
of live weight. A calf will sometimes gain in weight 
as rapidly as a fattening ox ten times as heavy. These 
extraordinary rates of increase are due to the very 
large amount of food consumed in relation to the 
weight of the body; to the watery nature of the 
increase in a young animal, and the small formation 
of fat. 

As the animal grows and takes more exercise, a 
' larger proportion of the food is applied to the pro¬ 
duction of heat and mechanical work. The propor¬ 
tion of nitrogenous matter in the food may therefore 
gradually be diminished, carbohydrates and fat being 
\ quite as fit as albuminoids for producing heat and 
\work. Under natural conditions this diminution in 
the nitrogenous character of the diet soon takes place, 
the animal daily taking more and more grass in addi¬ 
tion to its mother’s milk. It is interesting to remark 
that human milk, which forms the sole support of the 
child for a far longer period than is the case with farm 
animals, contains the smallest proportion of nitro¬ 
genous matter. 

An animal when very young consumes more food in 
relation to its body weight than in any later period of 
its life. As growth proceeds, the quantity of food 
eaten per day steadily increases, but the proportion of 
food to body weight considerably diminishes, at the 
same time the daily increase in live weight becomes 
gradually less. The return in increase for food con¬ 
sumed thus gets steadily less as the animal matureg. 
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till at last the point is reached at which no farther 
gain in weight takes place unless fattening corulitions 
are resorted to. The following table is adapted from 
that of Wolff-Lehinarm, and shows the alterations in 




Digoflt.ible Food (Fibr« i) 
Kdckojiod an Starch 

Nitropeiious 
to Non- 
Nitro^enoiiH 
Sub.staiife in 
Pood 



Per head, 
X)or day 

Per 1,000 lbs. 
live vi'<*igbt, 
l>er day 



lbs. 

lbs. 


Oxen, weight 165 lbs. 

3-5 

21-6 

1 : 4-2 

tr >1 

830 lbs. 

6*3 

19*0 

r-l 

>> >» 

650 lbs. 

8-7 

16-8 

1 : G-0 

>> 

770 lbs. 

10*7 

13-9 

1 :G-8 

ti if 

935 lbs. 

12-3 

13*2 

1 

1 : 7-2 

Shcop, weight GG lbs. 

1-88 

20-9 

1 : 4-0 


81 lbs. 

1-50 

17'8 

1 : 4*8 

j> jf 

101 lbs. 

1-C5 

lG-3 

1 : 5-2 

ff ff 

121 lbs. 

1-G7 

13 8 

1 : G-3 

ff ff 

164 lbs. 

1-97 

12-8 

1 : G-5 

Pigs, weight 

44 lbs. 

1-7 

38-0 

1 : 4-0 

ft ft 

no lbs. 

3-3 

30-0 

1 :5*0 

ft ft 

143 lbs. 

4-0 

28*0 

1 : 6-5 

it i) 

198 lbs. 

6*0 

25*1 

1 : G'O 

if a 

28G lbs. 

0*3 

22 0 

1 : G*‘l 
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the rations of growing animals deduced from German 
experiments. In this table only one-half of the 
digestible fibre has been reckoned by the German 
authors as available food, but the whole of the digestible 
fibre is included in calculating the ratio of nitrogenous 
to non-nitrogenous matter. 

It is very important that the food supplied to grow¬ 
ing animals should contain a sufiicient amount of ash 
constituents, and especially of lime; for remarks on 
this subject see p. 136. 

The Adult Animal.-^ The food of an adult animal, 
not gaming or losing in weight, is employed for the 
renovation of the tissues, the formation of hair, wool, 
horn, &c., and for the production of heat and mechanical 
work by its combustion in the body. 

Froductiooi of Seat ,—In the case of an animal at 
rest, not gaining in weight, the final results of the 
digested food will almost wholly appear as heat and 
as excrementitious matters, which are the products or 
residues of the process of combustion. The tempera¬ 
ture of the body of the animals on the farm varies 
from 100°—104° Fahr., the horse having the lowest 
temperature and the sheep and pig the highest. The 
heat produced in the animal is lost by radiation from 
the surface of the body, much is also consumed in 
vaporising the water which is exhaled through the 
lungs and skin. 

The smaller is the animal the greater is the loss of 
heat per unit of weight, and consequently the more 
liberal must be the supply of food. Eubner deter¬ 
mined the quantity of heat given off per day by a 
series of dogs of different weight; his results are 
shown in the next table. 



THE ADULT ANIMAL 


175 


HEAT EVOLVED BY DOGS OE DIEEEBENT WEIGHT. 


Body Weight 

Heat evolved per day 

Actual 

Per Kilo, 
of Body Weight 

Kilograms 

Oalorioa 

Calories 

3 

273 

90-a 

6 

409 

G8-1 

18 

830 

4G-1 

24 

982 

40*9 

81 

1184 

88-2 


Thus while the heat evolved; measured in Calories, 
increased largely with tl ie increased weight of the animal, 
the heat per unit of body wciglit (or volume) diminished 
greatly as the animals became larger. This is due to 
the fact that small bodies have, in proportion to their 
weight, a much greater surface tluin large bodies,^ and 
it is the extent of surface which determines the rate of 
cooling. Thus, in the case of the two dogs weighing 
3 and 24 kilos., their relative weight and volume were 
clearly 1:8; their relative surface was, however, 1: 4, 
and their relative heat production 1 : 3*6. 

If we look back at the daily rations for animals 
of various weights just given (p. 173), we shall also 
find that the quantity of food increases at nearly the 


' This fact maybe easily grasiiod by comparing a siriglo cnbo with 
another built up of oighb aijxiilar cubes. Tho bulk anti weight of tiio 
largo cubo aro clearly eight times that of tho single cube, bub its bobal 
surface is obviously only four timoB that of tho single cubo. 
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same rate as the increase of surface. Thus, while the 
oxen increase in weight from 1—5*7, their surface 
increases from 1—3*2, and their food from 1—3*5. 
The pig increases in weight from 1—6*5, its surface 
from 1—3*5, and its food from 1—3*7. In the case 
of sheep the question is complicated by the thick 
covering of wool; the weights in the table rise from 
1—2*33, the surface (if calculated as in other cases) 
from 1—1*76, and the food from 1—1*43. 

Production of Work .—The work performed by an 
animal is partly internal and partly external. The 
internal work consists in the muscular movements 
concerned in mastication, digestion, circulation, res¬ 
piration, and other vital processes; such work is 
carried on even when the animal is at rest. In man 
the whole of the blood is pumped through the heart 
every half minute. The daily work performed by the 
heart of a man 12 stone in weight has been calculated 
as equal to 242 foot-tons; that is to say, the power 
exerted by the heart would raise 1 ton to a height of 
242 feet. The work performed by other organs, and 
by the muscles when merely maintaining the body 
in an erect position, must be very considerable, but 
has not yet been satisfactorily measured. Nearly 
the whole of the internal work is finally resolved into 
heat. 

As external work we may take as an example a walk 
of 20 miles on level ground; this to a horse of 500 
kilos, weight (1,102 lbs.), without a load, will represent 
an exertion equivalent to 720,976 kilogrammeters, or 
2,328 foot-ton^. During labour, about 31 per cent, of 
the total energy developed in the muscles appears as 
external work, the rest will appear as heat. The tern- 
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perature of the body in fact rises during labour, and 
perspiration is increased. 

It was formerly supposed that muscular force was 
produced by the oxidation of the iiitrogeiious con¬ 
stituents of the muscle, and that a diet very rich in 
albuminoids was necessary if hard labour was to be 
maintained. This idea is now known to be erroncious, 
it having been shown by repeated experimonts tliat 
labour does not necessarily increase the production of 
urea, while it does in every case greatly augment the 
amount of carbonic acid exhaled. 

The energy which produces work is generated by the 
oxidation of organic matter in the muscular tissues; 
this organic matter may be derived from albuminoids, 
but it far more usually consists of carbohydrates or 
fat.^ Wolff found that it was indifferent whether the 
digestible substance supplied to a horse consisted of 
starch (3 lbs. per day were employed in one experi¬ 
ment), or of linseed oil, or of the mixed constituents 
occurring in ordinary horse foods; the labour value of 
the food was determined in every case solely by its 
heat-producing power. The animal body has been 
compared to a steam engine, in which food is burnt in 
place of coal. The proportion of the generated eiuu'gy 
which finally appears as mechanical work is, however, 


* For the sake of simplicity the function of glycogen in the animal 
body has not boon discussed. Glycogen is a carbohydrate formed in 
the animal body which acts as a reserve of onorgy; during mat it is 
Btorod up in the muscle, it disappears during labour. Glycogen can 
bo formed in the animal from the carbohydrates of the food and from 
albuminoids. Wo must not hastily conclude that glycogen, or the 
sugar derived from it, is the only substance oxidised to produce 
muscular energy ; all we can assort is that it takos an important part 
in this work. 
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far greater in the case of an animal than in the case 
of a steam engine. 

When labour is demanded from an under-fed animal 
the oxidation taking place may be in excess of tlie 
food supplied ; in such a case the fat and albuminoids 
of the animal tissues are oxidised, and the excretion of 
urea becomes increased. A working animal ill sup¬ 
plied with food will thus suffer seriously in condition. 

When an animal out of training is suddenly 
called upon to perform hard work it will at first show 
an increased oxidation of albuminoids as the result of 
labour; but this will cease as the body becomes fit for 
work, if sufficient food is supplied. During training 
for increased work an albuminous diet will be neces¬ 
sary, as the muscular apparatus has to be built up. 

Maintenance Diets .—In the case of an adult animal 
not increasing in weight, and performing a minimum 
amount of work—as, for instance, a horse or ox in a 
stable—the quantity of food required to maintain the 
condition of the animal is reduced to its smallest 
limits. The minimum quantity of food required by 
an animal is most accurately found by ascertaining 
the various gains and losses of energy taking place 
with a known but barely sufficient diet; the balance 
of energy dissipated as heat, after allowance has been 
made for all gains and losses in the animal, is an exact 
measure of the minimum requirements of the body* 
Kellner has made numerous experiments of this kind 
with lean, full-grown oxen, kept in a stable at a tem¬ 
perature of about 60^ Fahr., and receiving diets varying 
in quality and quantity. The total food required varies 
with the size of the ox; but, as we have already seen 
(p. 174), in proportion to its surface, and not according 
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to its weight. In the following table the calculated 
miihmnm food requirement for oxen of various weights 
is given^ both in terms of heat and in pounds of digested 
organic matter and starch.® By referring to the table 
on p. IGO, the amount of any ordinary food equivalent 
to tliis quantity of starch can be ascertained. 


MINIMUM FOOD DAILY REQUIRED BY LEAN OXEN. 


Livo 

Woilditi 

or ox 

Actual 

Per 1,000 lbs. Live Weight 

Orgiuiie 

Mjibtor 

Roclconed 
aH H larch 

Heat 
Value of 
Food 

Digestible 

Organic 

Matter 

Eeclconed 
as Starch 

Heat 
Value of 
Food ■ 

lbs. 

lbs. 

lbs. 

Cals. 

lbs. 

lbs. 

Cals. 

990' 

G-75 

6-39 

10,740 

6*82 

6*46 

10,848 

1,100 

7-24 

C-86 

11,520 

6*68 

6*23 

10,473 

1,210 

7*72 

7*30 

12,280 

6*38 

6*03 

10,149 

1,320 

8*18 

7*74 

13,010 

6-19 

5*86 

9,856 

1,430 

8*02 

8 *10 

13,720 

6*03 


9,594 

1,540 

9 *00 

8*57 

14,420 

6'89 

5*57 

9,364 

1,660 

9-48 

8-08 

15,100 

6-75 

5*44 

9,151 

1,7G0 

9-90 

9'36 

15,700 

5*63 

6-32 

8,955 


The quantity of food reckoned as sufficient for 
maintenance in this table is really rather too small 


‘ Tho maintonanoo diet for an ox of any other weight can be calcn- 
latod from tlio flguroB in tho table, recollecting that the relative 
surface, and thoroforo food roguiremont, of any two animals is as the 
cube root of tho square of thoir rcspoctivo volumes or weights. 

« Kellner states that 1 gram of the digestible organic matter of the 
hay used had tho value of S‘5 Calorics. As he reckons 1 gram of starch 
as 8‘7 Calorics, tho equivalent quantities of starch have been calculated 
on this basis. 
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for practical use, a margin admitting of a small pro¬ 
duction must be allowed in order to provide for tbe 
growth of hair, hoofs, &c., if the animal is to continue 
permanently in health. Lean oxen of 1,370 lbs. 
weight, fed on hay, will require in practice a daily 
ration of 10 lbs. digestible organic matter, or 7*3 Ibs.^ 
per 1,000 lbs. live weight. Of this 7‘3 lbs. of digestible 
matter, 0'7 lb. will be nitrogenous substance, including 
(if ordinary hay was used) 0*54 lb. albuminoids. The 
ratio of nitrogenous to non-nitrogenous substance is 
here 1 : 9*4, and the true albuminoid ratio 1 : 12*4. 

A fat ox requires more food to maintain an 
unchanged condition than a lean ox of the same 
size. Kellner experimented with fat oxen up to 
1,888 lbs. live weight. An ox of 800 kilos. (1,760 lbs.) 
required a daily ration supplying 19,920 Calories, or 
one-quarter more food than a lean ox of the same 
weight. A fat ox also requires a rather larger propor¬ 
tion of albuminoids in its diet. 

It is essential that a maintenance ration should 
supply enough albuminoids to replace the daily waste 
of the nitrogenous tissues. While the albuminoids of 
the maintenance ration serve this special purpose, they 
at the same time form an effective part of the heat- 
producing food, as they take the place of matter that 
is being burnt in the body. An animal is receiving 
the minimum amount of albuminoids required for its 
sustenance when any diminution in the daily supply 
occasions a larger amount of nitrogen to leave the 


* If the digestible matter of the hay is to be valued at 3*5 Calorics 
per gram, and starch at 3*7 Calories, as before, then the 10 lbs. and 
7*3 lbs. of digestible organic matter will be equal to 9*46 lbs., and 
6*9 lbs. of starch. 
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animal in the form of urine than is contained in the 
digested food. When the intake and output of nitrogen 
are the same, an animal is said to be in a condition of 
nitrogen-equilibrium. This condition of equilibrium 
can be obtained with a miniiium supply of albuminoids 
only when the food contains a suOicient amount of 
carboliydrates and fat for the heat requirements of the 
animal; if the heat-producing food is deficient the 
albuminoids are partly burnt in the body before they 
can serve for the renovation of tissue, and a larger 
quantity is consequently required. An animal cannot 
be long kept in health with the smallest quantity of 
albuminoids producing nitrogen-equilibrium, as the 
growth of hair, wool, hoofs, &c., is always in progress; 
a truly maintenance diet must thus supply rather more 
albuminoids than the minimum. Armsby found that 
a supply of 0*6 lb. of true albuminoids per day was 
sufficient for the permanent maintenance of an ox. of 
1,000 lbs. weight receiving a diet having an albuminoid 
ratio of 1 : 11; but that when a greater proportion of 
carbohydrates was given, this amount of albuminoids 
might be considerably reduced without disturbing the 
nitrogen-equilibriiim, and witliout, at least for a time, 
any injurious results to the animal. For an econo¬ 
mical maintenance diet an unnecessary excess of 
albuminoids must be avoided, as tlie prcisonce of any 
excess in the system determines a greater demand for 
food. The amount of albuminoids ncedcid becomes 
larger when the animal receives an increased supply 
of dt’iuking water. The demand for albuminoids 
stands in relation to the weight, and not to the surface 
of the animal. 

The maintenance requirements of the horse have 
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been carefully determined by Zimtz. A borse of 

1.100 lbs. live weight will require food sapi>lying 

12.100 Calories per day, equivalent to about 7 lbs. of 
digestible starch. Owing to the great cousuniptioii 
of energy during the digestion of fibrous foods by the 
borse, alreadyreferred to (pp. 121,126), fibre can be used 
to only a limited extent in the rations. Zuntz found 
that for a successful maintenance diet, at least one- 
third of the energy of the food must remain over for 
use in the animal body after all the energy demanded 
by the work of digestion had been expended. A refer¬ 
ence to the table on p. 122 will show that meadow liay 
meets this requirement, but that straw docs not. The 
proportions in which straw may be mixed with otiicr 
foods can be calculated from the figures given in tin's 
table. Thus a daily ration of 10 lbs. straw cliaff and 
6§ lbs. maize would yield the required 7 lbs. of digest¬ 
ible organic matter, while only one-half of the energy 
produced would be consumed in the work of digestion, 
leaving a sufficient balance for the remaining internal 
work and other requirements of the body. 

The ex]3eriments of Grandeau with Paris cab horses 
show a similar food requirement as those of Zuutz. 
A horse of 1,000 lbs. weight, taking only half an 
hour’s walking exercise per day, required from 7— 
7*8 lbs. of digestible organic matter (hay), including 
0*45 lb. of albuminoids, to maintain its condition. 

The experiments on sheep are few, and have hoxm 
made with comparatively rough methods. Bboru 
sheep, fed on meadow hay, will require, according to 
German experiments, about ll’S lbs. of digestible 
organic matter, containing 1*0 lb. of albuminoids, per 
1,000 lbs. live weight, to preserve their condition. 
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Sheep apparently require more liberal rations per unit 
of weight than an ox or horse; this is due to the 
higher temperature of the sheep (103“—104°), its 
smaller size, and therefore larger proportion of surface, 
and to the growth of wool, with its accompanying 
fat, which is always in progress. 

Labour Diet .—If external work is to be performed, 
the body weight remaining unaltered, the quantity of 
food must bo considerably increased. A man doing a 
moderate day’s work was found to exhale onc-tliird 
more carbonic acid than when at rest; a man doing 
such work would clearly require one-third more food 
to maintain the same condition of body. 

An agricultural horse weighing 1,100 lbs., doing 
regular work at a walking pace, will produce, accord¬ 
ing to Zuntz, about 771 foot-tons of work^ for each 
pound of available food, reckoned as starch, consumed 
in the body over and above the quantity required for 
maintenance. By available food is to be understood 
the portion remaining for use in the animal after all 
the losses of matter and energy occurring during the 
processes of digestion and excretion. The quantity 
of food available for use in muscular exertion by the 
horse, supplied in 1,000 lbs. of ordinary foods, has been 
calculated by Zuutz from his experiments, and is 
shown in the table on p. 122.^ Taking the figures 


‘ This amount of work is oonsidorahly loss than that montionod in 
previous editions of thiia book. In tho oxporimoiifcs by WoJlT, then 
quoted, tho quantity of work porfurnied by tho exporimonfcal liorso was 
over-ostimaiod. 

- Wolff taught that fibre is of no use for tlie production of external 
work, and obtained tho amount of food availabio for work by doduot- 
iug the fibre from the digested organic matter. Zuutss has shown 
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giyen in this table, the comparative values of these 
foods, and the amounts of work to be obtained from 
1 lb. of each of them are as follows:— 



Pounds of Food 
supplyiri}? 1 lb. 
available 

Equivalent Quan¬ 
tities ol' Food 

Foot-tons of Work 
fioin lib. of Food 

Maize 

1-42 

1*00 

542 

Beans. 

1-64 

1*16 

470 

Linseed Cake 

1-77 

1*24 

436 

Oats. 

2*04 

1*43 

879 

Lucernehay.. 

4-27 

8*01 

180 

Potatoes 

5-02 

3*54 

153 

Meadow hay.. 

6-49 

3*87 

140 

Clover hay .. •. 

6*00 

4*17 

130 

Carrots 

10‘87 

7*63 

71 


Zuntz has determined the quantity of food which a 
horse requires to perform work under various con¬ 
ditions. One of the conditions having most influence 
on the result is pace. A horse, weighing with harness 
1,144 lbs., will require 1*33 lbs. of available food to 
walk 10 miles at 2j miles per hour; 1’69 lbs. when 
walking at the speed of 3^ miles per hour; and 2*53 

that this correction is insufficient. The energy consumed in digesting 
fibrous foods varies according to the condition of the fibre, and often 
exceeds the whole value of the fibre digested. Wo must not, however, 
imagine that digestible cellulose cannot produce work, a large part of 
the digestible carbohydrates of hay consists indeed of cellulose (p. 133). 
The true view of the matter is simply that the harder kinds of cellu¬ 
lose require more energy for their digestion than they can produce 
when digested. 
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lbs. when trotting the same distance at 7 miles an 
hour. In the experiments of Grandeau and Leclerc, 
a horse walking 12i miles a day was kept in condition 
with a daily ration of 19-4 lbs. of hay, while a ration 
of 24 lbs. of hay was insufficient when the same dis¬ 
tance was done trotting. A horse walking the above 
distance, and dragging a load (additional work 1,943 
foot-tons), was sufficiently nourished by a ration of 
26’4 lbs. of hay; but a daily ration of 32*6 lbs.—all 
that the horse would eat—was not enough to inain- 
tain the horse’s weight when the same work was 
done trotting. When the horse is trotting, the in¬ 
ternal work performed by the heart and by the res¬ 
piratory muscles is much increased. The horse, when 
trotting or galloping, also lifts his own weight at each 
step, but allows it to fall again—the result appearing 
only as heat. The temperature of the horse rises 
with exertion, and much heat is lost by the evapora¬ 
tion of water through the skin and lungs. Tlie horse 
at rest evaporated 6*4 lbs. of water, per day; when 
walking, 8*6 lbs. ; at wurk walking, 12*7 lbs.; trotting, 
13*4 lbs.; at work trotting, 20-6 lbs. It follows, of 
course, that a horse requires more water when at 
work. The Paris cab horse, on a mixed diet, con¬ 
sumed 2T of water to 1 of dr}^ matter when at r<ist, 
and 3*6 : 1 when in the cab. Wlien fed with liay jLlone 
the proportion was 3*3 : 1 at rest, and 4*3 : 1 y^'lum 
with the cab- Horses of diiforent disposition, and 
different action when working, may require diilcrcJit 
amounts of food to accomplish the same task. 

In order to calculate the quantity of food needed by 
a horse performing a certain daily task, we need to 
know the weight of the horse with harness, the draft 
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of the load which he has to move, the distance he has 
to travel, the inclination of the road, and the time 
given for the accomplishment of the task. Prom 
these data the quantity of available food needed for 
the production of the required work can be calculated. 
To this amount must be added an amount of available 
food sufficient for the internal work of the body (diges¬ 
tion labour excepted) when the animal is at rest. This 
amount we have already seen (p. 182) is about 2*4 lbs. 
(one-third of 7 lbs.) for a horse of 1,100 lbs. live weight. 
We thus arrive at the total quantity of available food 
required for muscular exertion. The ration must 
besides this include an amount of digestible matter 
sufficient to provide for the labour of digestion : this 
is not a fixed quantity, but will vary according to the 
description of food used, and will be greatest when 
straw chaff is employed. The total amount of food 
must, of course, produce sufficient heat to maintain the 
temperature of the body. 

One of Zuntz’s examples is that of a horse plough¬ 
ing eight hours a day. The horse with harness is 
assumed to weigh 1,144 lbs.; he walks at the rate of 
2|- miles per hour, drawing a plough the draft of 
which is 147*4 lbs. The total work accomplished is 
8,967 foot-tons, requiring 11*63 lbs. of available food. 
Adding 2*4 lbs. for other work (excluding digestion), 
we have a total requirement of 14*03 lbs. of available 
food for the day’s ration during this heavy work. 
The table on p. 184 shows that this amount of avail¬ 
able food would be supplied by 20 lbs. of maize, 
which would at the same time supply enough energy 
for its own digestion. A diet of maize only is, of 
course, impracticable; but the same table shows 
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at once what quantities of other foods will replace 

I lb. of maize. If wheat straw chaff is iDtroduced 
into the ration to supply the fibrous matter needed 
for the horse’s health, it must be recollected that for 
each pound of straw 0*116 lb. must be deducted from 
the total of available food supplied from other sources. 
In calculating the above ration no mention has been 
made of the heat requirements of the horse ; these we 
have seen (p. 182) are equivalent to 7 lbs. of digestible 
organic matter. As, however, only 31 per cent, of the 
food available for work actually produces a mechani¬ 
cal effect, and the whole of the rest of the ration 
appears as heat, the requirements for heat are fully 
met; and when, as in practice, fibrous foods are em¬ 
ployed to a considerable extent, the proportion of the 
food producing heat is still further increased. 

Wolff and Lehmann, as already mentioned, reckon 
a labour ration more simply, but less accurately, in 
terms of digestible organic matter, excluding fibre. 
Of such matter they state that a horse of 1,000 lbs. 
live weight will require 8 lbs. per day for light labour; 

II lbs. for average labour; and 13 lbs., or more, for 
severe labour. 

A diet of meadow or clover hay does not supply 
sufficient available food for a full day’s work, even at 
a walking pace; but the young grass of a good pas¬ 
ture, and green vetches or lucerne, are sufficiently 
nutritious for this purpose. Whenever severe labour 
has to be performed, food of high quality and easy 
digestibility must be given. 

As already remarked, food containing a large pro¬ 
portion of albuminoids is not essential for a labour 
diet; rations supplying only a small proportion of 
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albuminoids have been used successfully for agricul¬ 
tural horses doing full work at a moderate pace. In 
Fiji the horses in the sugar plantations receive 15 
lbs. of molasses per day, and the ratio of nitrogenous 
to non-nitrogenous digestible matter in their diet is 
1 : 11‘8. It is generally recognised, however, that for 
quick movement, and to promote activity of disposi¬ 
tion, a fairly good proportion of albuminoids is advis¬ 
able. The albuminoid ratio of the diet employed by 
our tramway companies is about 1: 7. 

The Patteniag Animal—For the body to increase in 
weight it is clear that the food supplied must be in 
excess of the quantity demanded for mere renovation 
of tissue, and for the production of heat and work. 
When such an excess of food is given, a part of the 
albuminoids and ash constituents is generally con¬ 
verted into new tissue, while a part of the fat, carbo¬ 
hydrates and albuminoids is stored up in the form of 
fat. In the case of a young animal taking free exercise 
in the field, the increase appears as a general growth 
of the body; in the case of an animal at rest, the 
increase consists chiefly in the deposition of fat in the 
tissues. 

The disposition of an animal to fatten depends 
much on breed and temperament. It is almost im¬ 
possible to fatten a wild animal, while its domesti¬ 
cated descendants, especially if bred with the object 
of obtaining rapid increase, may be readily fattei'uxl. 
The^ changes in organisation produced by lon,"- 
continued systematic breeding are most etrikingly 
shown in the case of the pig. In the wild boar the 
intestines are six times the length of the body; in 
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modem domesticated breeds the intestines may be 
more than twenty times the length of the body. Dif¬ 
ferent individuals have different appetites, different 
powers of digestion, and different rates of fattening. 

Best and quietjiess are essential for rapid fattening; 
the production of work must be suspended if the pro¬ 
duction of fat is to proceed actively. An animal at 
rest in a stall will increase in weight far more than an 
animal taking active exercise on the same diet. A 
moderate degree of warmth is also favourable to the 
fattening process; the economy of feeding animals 
under cover in winter time is generally recognised. 
In Danish experiments, pigs of about 150 lbs. weight 
required 516 lbs. of corn meal in winter time to pro¬ 
duce 100 lbs. of increase, while in summer 457 lbs. 
sufficed to produce the same result. If, however, 
the temperature becomes so high as to considerably 
increase the perspiration, a waste of food will occur. 
The temperature most favourable to animal increase 
is apparently about 60° Fahr. Freedom from excite¬ 
ment is essential to rapid fattening; the absence of 
strong light is therefore desirable. 

As only that part of the food which is in excess of 
the bodily requirements is converted into increase, 
liberal feeding is, within certain limits, the most 
economical. If an ox can be brought by liberal treat¬ 
ment to 1,000 lbs. live weight at one year old, the 
amount of food consumed will be far smaller than if 
two years are spent in attaining the same weight, for 
the food required for animal heat and work during the 
second year is clearly saved. 

We have already considered the rations required by 
an animal for maintenance only (p. 178), and have also 
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seen that certain kinds of food may be used for 
maintenance which are quite inappropriate for the 
production of increase. The relative values of various 
cattle foods for the production of increase have been 
given in the table on p. 160. We have also partly 
discussed the composition and amount of the increase 
obtained when an excess of food is supplied over that 
needed for maintenance. We have seen (p. 127) that 
100 parts of starch may yield in the ox 23-3 of fat; we 
may say, therefore, that, in round numbers, 4 of starch, 
or its equivalent in other food constituents, can produce 
about 1 of pure fat. 

The increase in live weight actually obtained when 
animals are fattening contains, on an average, accord¬ 
ing to Lawes and Gilbert’s estimate, 66 per cent, of 
fat, the rest being nitrogenous matter, water, and ash 
constituents (p. 110). If we calculate the calorific 
value of this increase by means of the factors given 
on p. 119, we find that 1 gram has the value of 6'64 
Calories. As 1 gram of starch has a production value 
for the ox of 2'2 Calories, it appears that 3 of starch, or 
its equivalent in other food constituents, should pro¬ 
duce 1 of fattening increase. The production values of 
different cattle foods have been given in the table 
on p. 160 in terms of starch; it is easy, therefore, to 
calculate what amount of fattening increase each food 
is capable of producing. Thus we see that 1-36 lbs. 
of linseed cake is equivalent to 1 lb. of starch; it 
follows, therefore, that 1'36 x 3 = 4'08 lbs. of linseed 
cake can produce 1 lb. of fattening increase. In the 
same way we find that about 9 lbs. of average meadow 
hay, 15 lbs. of potatoes, and 30 lbs. of small mangels, 
can also produce 1 lb. of increase in live weight when 
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used to the best advantage. This does not, of conrse, 
moan that if a fattening ox is f(ul on hay and niangids 
it will gn,in, I Ih. in Wiu'glit for (iacli 9 Ihs. ot or 
80 lbs. of mang(d eonsuined ; tlu^ anionnt oC food 
required ff)r tlic animal’s maintfvmuicti must he do- 
ducted from the tol-al food su|)i)Ii(‘.d, juid tlu‘. c.rrrss 
of food alone must Uo. credited to increa,s(^. Nor must 
it be forgott(vn. that the maintemince food of n.u 
animal in a fa,tt(uung condition is considera.hly grea-ter 
in quantity than that riujninul by a h'.an anima.1 (it 
the same wiught (p. IHO), and tlia,t ilui (Uunand for 
maintenance incrcjases as th(‘. proc(iss of fattening 
advances. 

In the examples we now procec^d to give of the 
results obtaiiKid when fattening oxen, Bh(‘.ep and 
pigs, the quantities of food nuuitioned arc tlui totaJ 
amounts consumed by the animal, no distinction Ixu'ng 
attempted between the maintaining and the prodmung 
portions of tbc ration ; this is imwitablo in the case 
of tlie sheep and pig, as tbo rcxjuirenuuits of th(‘s<‘ 
animals for maintenance are not as y<‘<t accura,t('ly 
known. In the (xisc of the ox, the amount of food 
required for maintenance has been most cartd’iilly 
determined ; hut even in this case wo do not 
exactly know what portion of the miiintenaiuai 
ration must in any givcui case ho dcductcul from a 
liberal diet to obtain the amount available for pro¬ 
duction.^ Kellner’s production values of food wcuh^, 


‘ Wo have already noon tliafc tho fibre in ilio food of an ox only pro¬ 
vides the animal with suriicionli energy for itn own inaHtioal.ion iuhI 
digestion ; tho digostod fibre thus contrilmtiMS to t)io heat of the 
animal, but takes no sharo in tlio produetioa of increace. A part of 
tho inaintonanoo ration must not consist of fibre, as internal work 
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however, obtained by giving a known quantity of 
food to an ox which was already receiving somewhat 
more than a maintenance ration ; we are therefore 
apparently justified in deducting the whole, or nearly 
the whole, of the maintenance ration from the diet 
of a fattening ox, if we wish to ascertain the quantity 
of food available for increase in the sense understood 
by Kellner. Taking, as an example, the Bothamsted 
statistics for fattening oxen (p. 193), we see that an 
ox of 1,200 lbs. live weight received 106 lbs. of 
digested organic matter (including fibre) per week, 
and produced 13'6 lbs. of increase. Such an ox, in 
a fattening condition, would require, according to 
Kellner, about 9‘63 lbs. per day of digested organic 
matter for maintenance only, or 67‘4 lbs. per week, 
thus leaving 38-6 lbs. of digested food, reckoned as 
starch, for production. Now as 3 lbs. of starch can 
yield 1 lb. of increase, the 38’6 lbs. might yield 12-9 
lbs.; the actually observed increase being 13’6 lbs. 
Calculating backwards, the 13'6 lbs. of increase 
would require 40’8 lbs. of productive food, leaving for 


besides that of digestion has to be provided for. What fraction of tho 
maintenance ration must be non-fibrous is, in tho caso of the ox, 
unknown ; in the case of the horse it must not fall below one-third of 
the digested matter. If we suppose an ox to receive a maximum 
amount of fibre in its maintenance ration, tho amount of increase 
produced by the addition of any food will be strictly limited by tho 
producing value of the food added. If, on the other hand, an ox is 
maintained on food poor in fibre, and additional food is then added 
for fattening, the waste heat produced during tho deposition of 
increase may enable a part of tho maintenance food, previously 
utilised for heat, to become productive, and the weight of increase 
obtained will then exceed that proper to the food added. The return 
from the additional fattening food thus depends, partly, on thej 
character of the rest of the diet. 



THE FATTENING ANIMAL 


193 


maintenance 65*'2 lbs., or 9*3 lbs. per day. The re¬ 
sults obtained by calculation thus nearly approximate 
to the facts observed, and the difference appears to 
indicate that a small portion of the maintenance food 
had, in the case in question, become available for 
production. 

The three animals with which the farmer is chiefly 
concerned have very different powers of consuming 
food, and yield different rates of increase. Lawes and 
Gilbert, forty years ago, reckoned that, on an average 
of the whole fattening period, an ox will produce 
100 lbs. of live weight from the consumption of 
250 lbs. oilcake, 600 lbs. clover hay, and 3,500 lbs. 
swedes. Sheep will produce the same increase by 
the consumption of 250 lbs. oilcake, 300 lbs. clover 
hay, and 4,000 lbs. swedes. Pigs will require about 
500 lbs. of barley meal to yield a similar result. 
Taking these data, the rate.of food consumed, and of 
increase yielded, will be approximately as follows :— 


OOMPABISON OP FATTENING OXEN, SHEEP, AND PIGS. 



M ean Tdve 
Weight 

Per head per week 

Dry Food 

Digested 
Organic Matter 

Increase in 
Live Weight 

Dry 

Manure* 


lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

Oxen 

1,200 

151 

106 

13-6 

60 

Sheep 

130 

21- 

16 

2-3 

7 

Pigs 

175 , 

] 

48 

1 

40 

11-3 

11 


Dry matter of solid excreniont and tirine oxcluaivo of litter. 
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Per 1,000 lbs. live weight per week j 

DeqHired to produce 
100 lbs. increase 

Dry Pood 

Digested 
Organic Matter 

Increase in 
Live Weight 

Dry Food 

Digested Or¬ 
ganic Matter 


lbs. 

lbs. 

Ib.s. 

lbs. 

lbs. 

Oxen 

125 

83 

11*3 

1,109 

777 

Sheep 

ICO 

121 

17-6 

912 

G86 

Pigs 

270 

227 

Gl-8 

420 

353 


The upper division of the table supplies sonic useful 
facts as to the quantities of food consumed, and the 
amounts of increase and manure obtained during the 
fattening stage of feeding.^ In the lower division of 
the table, the consumption of food per 1,000 lbs. live 
weight, and the return in animal increase per live 
weight, and per food consumed, are given. It will 
be seen that in proportion to its weight the sheep 
eats more food and yields more increase than the 
ox, while the pig takes much more food and gives 
much more increase than either. This is due to 
the concentrated and digestible character of the food 
(corn meal) supplied to a fattening pig, and to the 
great capacity of this animal for assimilation. The 
proportion of stomach is greater in a fat ox or sheep 
than in a pig, being on 100 lbs. live weight, 3’2 for the 
ox, 2‘5 for the sheep, and 0’7 for the pig. On the 
other hand, the proportion of the intestines is greater 


* Since these estimates wore made the fattening capacity of English 
sheep and oxen has increased, owing to improvements in the breeds. 
It is probable that larger quantities of food are now successfully 
utilised by the animals in question. 
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with the pig than with sheep or oxen. Euminant 
animals are thus best fitted for dealing with food 
requiring a prolonged digestion, while the pig excels in 
the capacity for assimilating large quantities of easily 
digested food. 

The pig requires far less food to produce 100 lbs. of 
increase than either the ox or sheep. The pig, with 
its very large consumption of easily digested food, has, 
in fact, to spend a smaller proportion of it on heat and 
work, and has thus a larger surplus left for the pro¬ 
duction of increase. The pig, from its rapid feeding, and 
high rate of increase, is undoubtedly the most eco¬ 
nomical meat-making machine at the farmer’s disposal. 

We have as yet looked at the fattening period as 
a whole ; the rates of consumption and of increase will 
generally, however, vary in different stages of this 
period. 

In the case of a lean or growing animal, the quantity 
of food which the animal will eat increases during the 
earlier stages of fattening, the stomach and intestines 
becoming larger ; in the case of full-grown animals 
this increase in consumption soon ceases. When the 
animal becomes very fat the consumption of food falls 
off somewhat, and the increase of weight at this point 
is much diminished. 

As fattening advances the same amount of food will 
produce a steadily diminishing amount of increase. 
This is chiefly because the consumption of food for 
internal work steadily increases with the increasing 
size of the body. The increase during the later stages 
of fattening is also drier, and contains a larger propor¬ 
tion of fat than in the earlier stages of the process. 
These changes in the rates of consumption aiul 
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increase are seen more strikingly in the case of pigs 
than with other animals, from the greater rapidity of 
the fattening process. The following table shows the 
average results obtained on sixteen pigs fattened at 
Eotliainsted at the same time, the food being 7 lbs. of 
pea meal per head per week, with an unlimited supply 
of barley meal. The pigs had an average weight of 
135‘8 lbs. when put up to fatten : at the end of ten 
weeks they had doubled in weight, their average weight 
being 276*3 lbs. 


FATTENING PIGS-WEEKLY CONSU?.rPTION OP FOOD AND 
BATE OF INCBEASE. 



Food consumed 

lucicase in Live 
Weight 

Food pro¬ 
ducing 100 lbs. 
of 

Increase 

Per 

Head 

Per 100 lbs. 
Live Weight 

Per 

Head 

Per 100 lbs. 
Live Weight 


lbs. 

lbs. 

■ lbs. 

lbs. 

lbs. 

First fortnight 

00*1 

39*7 

15*5 

10’3 

336 

Second 

G7'5 

3G*7 

17*4 

9*4 

388 

Third „ 

GGA 

30*9 

13-2 

6*2 

502 

Fourth 

66-0 

27*4 

12*9 

5-4 

611 

Fifth „ 

69*6 

26*3 

11‘3 

4*2 

GJS 

Mean 

65*9 

32-0 

14-1 

6-8 

1 

4G9 


The figures in this table illustrate in a striking 
manner the alterations in the proportion of food 
consumed, and increase yielded, during the period of 
fattening. The weights of food refer to meal in its 
natural state, and do not represent dry substance. 
The irregularities in the progression of the figures 
are due to the variable appetite and condition of the 
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animals. Animals when first confined, and supplied 
with fattening food, generally increase largely in 
weight during the first few weeks, after which the rate 
of increase diminishes to a considerable extent. 

The proportion of nitrogenous matter in the fatten¬ 
ing increase is very small, the albuminoid ratio of the 
increase varying from 1 : 19 to 1 : 22 (p. 110). The 
proportion of lean to fat can be influenced to only 
a limited extent by the character of the feeding. In 
the case of a rapidly growing young animal, a diet 
supplying an abundance of albuminoids will produce 
a much larger increase of nitrogenous tissue (lean) 
than a diet rich in carbohydrates and fat. Very 
young pigs fed liberally on sepairated milk, with some 
barley meal and bran, will yield much leaner pork and 
bacon than similar pigs receiving barley meal and 
potatoes without milk. When, however, we are 
dealing with fully-grown animals, as oxen, the increase 
obtained during fattening is chiefly fat, whatever may 
be the albuminoid ratio of the diet. 

Many years ago scientific men believed that albu¬ 
minoids and fat were the only constituents of food 
which contributed to the formation of animal increase; 
the carbohydrates were supposed to produce heat in 
the body, but not fat. As a consequence of this belief 
the nutritive value of foods was supposed to be chiefly 
determined by the proportion of albuminoids, or 

flesh formers,” which they contained. This idea of 
the limited function of carbohydrates has been dis¬ 
proved by an abundance of experimental evidence. 
Nevertheless, the impression of the great preponderat¬ 
ing value of albuminoids for the production of animal 
increase still remains in the minds of many agricultural 
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writers. It may be w’ell, therefore, to quote some of 
the results of the pig-feeding experiments at Eotham- 
sted, in which the animals were intentionally supplied 
with very various proportions of nitrogenous matter in 
their food. 


FATTENING PIGS ON FOODS RICH AND POOR IN 
ALBUMINOIDS. 



Consumed to produce 100 lbs. 
of Increase 

Ratio of 
Nitrogenous 
to Non- 
Nitrogeiions 
Substance 

Food supplied 

Nitrogen, 
ous Sub¬ 
stance 

Non-iiiiro- 
geTious Sub¬ 
stance 

Total Organic 
Matter 


lbs. 

lbs. 

lbs. 


Bean and lentil meal .. 

137 

291 

428 

1 : 2-1 

Bean, lentil and maize 

113 

297 

410 

1 : 2*6 

Starch, sugar, lentil,bran 

81 

329 

410 

1 : 4*1 

Starch, lentil, bran 

80 

340 

420 

1 : 4-2 

Maize, bean, lentil, bran 

72 

338 

410 

1 :4'7 

IMaize, bean and lentil.. 

72 

366 

438 

1 : 5-1 

Maize and bran .. 

58 

362 

420 

1;6‘3 


These results show in an unmistakable manner that 
the quantity of total organic matter needed to produce 
100 lbs. of fat pork remained in all cases nearly the 
same, notwithstanding the great variations in the 
quantity of albuminoids supplied. The ratios of nitro¬ 
genous to non-nitrogenous substance given in the 
table are merely the ratios of these substances in the 
food supplied, the albuminoid ratios of the digested 
matter would be considerably wider. 
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Although an excess of albuminoids does not increase 
the nutritive value of a fattening diet, we have already 
seen (p. 153) that if the proportion falls too low the 
food is less thoroughly digested. 

Wolff recommends a more nitrogenous diet for fat¬ 
tening sheep than for oxen or pigs. The ratio of 
nitrogenous to non-nitrogeiious substance which he 
recommends for fattening sheep is 1 : 5*4, concluding 
with 1 : 4*5. For pigs, 1 : 5*9—1 : 7*0, as the age and 
w^eight increases. For oxen, 1 : 6*5 at the commence¬ 
ment of fattening, to be reduced to 1 ; 5*4 wlion 
fattening in earnest has set in, and concluding with 
1 : 6*2. In all these ratios, however, the amides have 
been reckoned as albuminoids ; they are thus narrower 
than the truth, the error falling chiefly on those for 
sheep and oxen. Practical results show that very good 
rates of increase may be obtained with much smaller 
proportions of albuminoids than those recommended 
by Wolff, if cereal grains form a considerable part of 
the diet. In Kellner’s experiments with oxen, the 
rates of increase were practically the same with ratios 
varying 1 : 4—1 : 10. A three years’ trial at Woburn 
proved that a daily ration of 20 lbs. swedes, ^ lb. 
hay, and f lb. wheat for sheep (nitrogenous substance 
to non-nitrogenous 1 : 7—1 : 8, albuminoid ratio about 
1 : 19) yields excellent results, generally equal to those 
obtained when oilcake is substituted for wheat. 
For another Woburn experiment illustrating the 
subject see p. 162. The economy of any diet cannot, 
however, be decided without taking into account the 
value of the manure produced. From this point of 
view, fattening with cake or leguminous corn may be 
more to the farmer’s advantage than the employment 
of cereal grains. 
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We cannot close this section without a word as to 
standard rations. In fattening it is clearly the farmer's 
object to supply the animal with the largest amount of 
food it can profitably make use of. So long as bulky 
foods, as hay, straw and roots are largely employed, 
the animal may safely be given as much as it can eat; 
the limits of profitable use must, however, be con¬ 
sidered when concentrated foods, as cake and corn, are 
supplied. Few accurate experiments have been made 
as to the economy of supjplying a more or less con¬ 
centrated diet to sheep and oxen. The assimilating 
power of the pig is so great that there appears little 
danger of over-feeding in its case. The daily rations 
recommended in the German feeding standards for 
fattening animals by Wolff and Lehmann are as 
follows:— 


DAILY POOD PEE 1,000 LBS. LIVE WEIGHT. 
Fattening Oxen. 


Stage of 
Fattening 

Dry Food 

Nitrogenous 

Substance 

Non- 

nitrngoiious 

Substaiico 

Total Digestible 
Organic Matter 

Fibre 

included 

Half Fibre 
included 


lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

First stage 

30 

2-5 

16*2 

18-7 

15 U 

Second stage 

30 

30 

IG'2 

19-2 

17-0 

Third stage 

26 

2V 

16-7 

19*4: 

17*2 


Fattening Sheep. 


First stage 

30 

3 0 

16*2 

19-2 

16*6 

Second stage 

28 

3*5 

15*9 

19*4 

16*9 





PATTENINa EATI0N3 


201 


Fattening Pigs. 


First stage 

86 

4-5 

26*7 

31-2 

Second stage 

32 

4*0 

25*2 

29*2 

Third stage 

25 

2-7 

19-3 

22-0 


These rations relate, of course, to German animals, 
nnd to the class of foods used in Germany. The 
quantities of food recommended for the ox and sheep, 
and especially the former, are considerably larger, 
while the rations for the pig are smaller than those 
mentioned in the estimates by Lawes and Gilbert, 
previously quoted. These differences are partly due to 
the fact that the live weight on which the food is 
x'eckoned in the German table is that of the animal at 
the commencement of the fattening period, while in 
DDawes and Gilbert’s figures the standard live weight 
is the middle weight of the fattening period. As the 
<3aily quantity of food consumed by a full-grown ox or 
sheep does not seriously vary during fattening, the 
proportion of food to 1,000 lbs. live weight appears 
larger on the German mode of reckoning than on 
that employed by Lawes and Gilbert. Pigs, on the 
other hand, are frequently fattened before their growth 
is completed, and in their case there may be a rather 
considerable increase in the daily consumption of food 
inuring fattening. 

Any real acquaintance with the subject must lead to 
the conclusion that the quantity of food required by a 
fattening ox or sheep must vary a good deal according 
to the class of diet employed. Sheep fattened at 
"Rothamsted on swedes, with cake or corn, consumed 
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126 lbs. of dry organic matter per 1,000 lbs. live weiglit 
per week, and 802 lbs. of this food producod 100 lbs. of 
increase. When clover chaff took the place of roots, 
the sheep consumed 1G4 lbs. of dry organic matter per 
1,000 lbs. live weight per week, and 1,521 lbs. of dry 
organic matter was needed to yield 100 lbs. of increase. 
The use of fibrous or non-fibrous foods had thus a 
great influence on the total quantity of food demanded 
by the animal, and on the return obtained from the 
food consumed. 

It is also obvious from what has gone before that 
the weight of an animal is by no means a satisfactory 
datum for determining the quantity of food which it 
requires, and that, in fact, a great part of the demand 
for food is determined by the surface of the animal and 
not its weight. The fact that small animals require con¬ 
siderably more total food per unit of weight than large 
animals is generally recognised. Feeding standards 
are thus correct only iu:ider certain assumed conditions ; 
they may, however, be of practical use by serving as 
the starting point for a more accurate determination 
of the best ration to be given. 

Production of Wool.—Wool, besides the moisture and 
dirt which it naturally contains, is made up of three 
ingredients, suint, fat, and pure wool-hair. The saint 
is an excretion of the perspiration glands of the skin ; 
it chiefly consists of a compound of potassium with a 
nitrogenous organic acid. Suint is soluble in water, 
and is in groat part removed when sheep are washed 
before shearing. In the case of Merino sheep the 
suint may amount to more than one-half the weight 
of the unwashed fleece ; but in the case of ordinary 
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sheep, freely exposed to weather, the quantity may be 
15 per cent, or less. In a washed fleece the fat may 
vary from more than 30 per cent, to 8 per cent., or less. 
Short fine wool contains the largest proportion of fat. 
Pure wool-hair contains about 16 per cent, of nitrogen. 
The quantity of nitrogen and ash constituents in un¬ 
washed and in washed wool, is given on page 108. 

A large proportion of the nitrogen of a sheep’s body 
occurs in the wool; 20 per cent, of the whole nitrogen 
was found in the fleece in the case of the four Hamp¬ 
shire Down sheep analysed at Eothamsted. 

The production of wool-hair and of wool-fat is practi¬ 
cally no greater when a full-grown sheep receives a 
liberal fattening diet than when the diet only suffices 
to maintain the ordinary condition of the animal; 
indeed, under poor treatment, the carcase may lose 
weight to some extent without the production of wool 
being seriously affected. With starvation, however, 
the yield of wool is considerably diminished. In the 
case of lambs, a liberal diet causes increased growth, 
and with this a bigger fleece. If sheep are kept on a 
poor diet for the mere production of wool, the amount 
of albuminoids supplied must not fall too low, wool- 
hair being formed entirely from this part of the food. 

Production of Milk. —Although milk is entirely 
derived from the food which has been supplied to the 
cow, yet the constant production of milk is of such 
great importance for the nourishment of the calf that 
it has been made as far as possible independexit of the 
immediate supply of food. If the food of a fattening 
ox is suddenly reduced to a maintenance ration the 
increase of carcase will at once cease ; but the food of 
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a milking cow may be reduced to a maintenance ration 
without stopping the production of milk; this produc¬ 
tion may be long continued, but in greatly diminished 
quantity, the lack of food being supplied out of the 
body of the cow, which daily becomes thinner. As 
withholding food will not stop the production of milk, 
so neither by abundant feeding can milk production 
be pushed beyond a certain point. Each cow has a 
natural limit to its milk production; to feed beyond 
this requirement will merely fatten the animal. 

The quantity of milk produced by a cow depends 
largely on the breed to which it belongs, and on its 
individual character. For profitable dairying it is 
before all things essential to start with a good cow. 
All the cows on a farm should have their yield in milk 
measured and registered at least once a week, and all 
unprofitable cows should be got rid of as soon as 
possible. If butter is made, the proportion of butter 
fat in the milk must also be regularly determined, as 
the quantity of the milk does not indicate its richness 
in butter fat. The most profitable cow is the one 
giving the largest return in milk or butter 'per unit 
of food consumed. 

While abundant feeding will not turn a bad cow 
into a good one, a liberal diet is essential for a 
full supply of milk, and by sustaining the cow with 
proper food at the time of her greatest milk production, 
it is possible to prolong that profitable period very 
considerably. The supply of concentrated food (cake, 
bean meal, bran, &c.,) should rise and fall with the 
varying yield of milk as the period of lactation advances, 
the object being to obtain as large a produce as can 
be reached without fattening the animal. 
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The amount of produce yielded by a good cow 
is very large, and far exceeds that yielded in the 
same time by a growing or fattening ox. In the 
following table the constituents in the weekly increase 
of a fattening ox are compared with the constituents 
of the milk yielded by a cow. 


Fattkning Ox 

Milking Cow 

Oau) 

In Weekly Increase 

Milk 

Ill Weekly Milk 

Ijcr 

Day 

Albu¬ 
min oi<ls 

Fat 

Ash 

Total 

per 

Day 

Albu- 

ininoids 

Fat* 

Ash 

Total 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

1 

0-5 

d-e 

0-1 

5*2 

10 

2-5 

4*0 

0-5 

7-0 ■ 

2 

1-1 

9-3 

0-2 

10-6 

20 

5-0 

8*1 

10 

14*1 

3 

1-G 

13-9 

0*3 

15*8 

30 

7-6 

12*1 

1*5 

21*2 






40 

10-1 

16-2 

2*0 

28-3 






50 

12*6 

20*2 

2*6 

35*3 


* Tlio milk sugar has been calculated into its equivalent in fat, and is here 
included. 


The quantity of albuminoids and ash constituents 
in the cow’s milk thus always greatly exceeds the 
quantity yielded by a fattening ox as meat; and in 
the case of a first-class cow in full milk, the fat and 
sugar in the milk are also much more than equiva¬ 
lent to the largest produce of fat in the ox. 

Notwithstanding the large amount of produce 
obtained from the cow, the quantity of food required 
is not correspondingly large. Thus in Wolffs rations, 
a cow yielding 27^ lbs. of milk daily is given 18’2 lbs. 
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of digestible food each day (reckoned as starch) per 
1,000 lbs. live weight; while a fattening ox of the 
same weight receives 19*4 lbs. A good cow is thus an 
animal giving a very large return for the food con- 
sunied—a circumstance highly conducive to profit. 

As milk is a highly nitrogenous substance, the 
albuminoid ratio in cows’ milk being 1 : 3‘7, the diet 
of a inilking cow must contain a considerable supply 
of ailbuminoids, and the need for albuminoids will 
incnMise as tlie produce of miliv increases. A cow 
giving jibundant milk demands a more nitrogenous diet 
than a moderate milker ; and a cow, if a heavy milker, 
will require more albuminoids when in full milk than 
afterwards. A small cow will also need a greater 
proportion of albuminoids in its food than a large 
cow, if both are giving the same yield of milk. 
This is hecaiiso the maintenance food, which need 
only be poor in albuminoids, forms a smaller propor¬ 
tion of the diet of the little cow than of the big one. 
When the total quantity of food is sufficient, dairying 
statistics sliow that an albuminoid ratio of 1 : 7, or 
even 1 : 8, is adequate in the case of large cows or 
moderate milkers; while a ratio of 1 : 6 should be 
employtid. in tlie case of small cows or heavy milkers. 

It has been taught by many that the whole of the 
fat in milk is formed from albuminoids. This, if true, 
would greatly intensify the demand for albuminoids 
in a cow’s food; the theory in question is not, however, 
borne out by feeding statistics, or by experiments, and 
there is no doubt that in the cow, as in other animals, 
fat is largely produced from carbohydrates. 

Science has not yet supplied us with all the facts 
necessary for establishing the ratio between food 
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supplied and milk produced. One gram of cows’ milk, 
containing 13 per cent, of dry matter, will have a heat 
value of 0*755 Calorie. If we might take food at 
the production value shown in the experiments with 
fattening oxen—^.1 grain of starch, for instance, as stor¬ 
ing nj) increase equivalent to 2-2 Calorics—then 1 lb. 
of starch, or ratlier its equivalent in digestible food 
containing a sufficient proportion of albiuninoids, would 
produce nearly 3 lbs. of milk. The return obtained 
from a good cow is, however, more than this. The 
proportion of fat yielded by carbohydrates is probably 
nearly the same in the cow as in the ox, but the 
albuminoids of the food are used far more economi¬ 
cally than in the ox, a large portion being stored up 
without undergoing any serious loss. 

The return from the food supplied to the cow is also 
complicated by the fact that a part of the return 
appears as a young calf. Hagemann reckons a newly- 
born calf as weighing about 88 lbs., and as containing 
22 lbs. of albuminoids, 3*3 lbs. of fat, the rest being 
water and ash constituents. In the first half of the 
lactation period the product of the food appears chiefly 
as milk; in the latter portion of the lactation the 
formation of the calf and the storing up of animal 
increase becomes more considerable, and the return 
in milk falls off. 

An ample extent of good pasture furnishes sufficient 
food for a cowin full milk, and it is only on inferior 
land, in a dry season, or on a crowded pasture, that 
the addition of concentrated food becomes necessary. 
In winter feeding on hay, straw, roots, and silage, the 
addition of concentrated foods containing a consider¬ 
able proportion of albuminoids is imperative if a good 
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COW is to yield her best return. Oilcakes, bean-meal, 
bran, oats, and brewers' grains are recognised as 
excellent foods for a milking cow; most of those foods 
supply fat as well as albuminoids, and the cake and 
bran are also rich in phosphates. In the winter feeding 
of cows at Eothainsted, the general diet consisting of 
hay, oat straw, and mangels, 2|- lbs. of decorticated 
cotton cake, and 2|- lbs. of bran, were given daily to 
every cow yielding one gallon of milk, and an additional 
pound both of cotton cake and bran was given for 
every additional gallon of milk produced. The milk 
produced by each cow was registered, and the amount 
of concentrated food supplied rose or fell with the milk 
production. 

The quality of the milk may be influenced to some 
extent by the character of the food. Thus a liberal 
diet of fresh brewers' grains, or a diet of watery grass 
(irrigated), will yield a moderate quantity of poor milk, 
and the addition of oil-cake will increase both the yield 
of milk and also its richness. The alteration in the 
composition of the milk by poor or liberal feeding 
is, however, often very small. The relative propor¬ 
tions of casein and sugar are scarcely affected by the 
character of the diet, the butter fat is somewhat more 
variable. 

The quality of the butter may be a good deal 
influenced by the character of the food. The white, 
hard, tasteless character, which winter butter often 
possesses, is chiefly due to the foods employed. 
Pasture, whether grass or clover, yields butter of the 
lowest melting point, containing the highest percent¬ 
age of volatile fatty acids, and best flavour. Silage 
appears to partake of the properties of green food, and 
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is thus valuable for winter feeding when carefully used. 
Hay produces a harder butter, straw a still harder. 
Of the straws, oat straw is the best. The cereal 
grains yield a good percentage of volatile acids in the 
butter. Oat grain and wheat bran are the best of the 
cereal foods, and should form a considerable part of the 
cow’s diet for butter production in winter. Legumin¬ 
ous grains and straw yield a hard butter. Oilcakes 
generally harden the butter and raise its melting point. 
This has been especially proved in the case of cotton 
cake. The addition of 1 or 2 lbs. of cotton cake to the 
daily ration of a cow on summer pasture helps to 
counteract the objectionable softness of the butter at 
this season of the year. Palm-nut cake and rape cake 
are favourite foods for winter feeding on the continent, 
and do not apparently produce a hard butter. Turnips, 
if used in considerable quantity, strongly flavour both 
milk and butter; mangels and cabbage are better 
foods for milking cows. 



CHAPTEE X. 


RE-LATION OF FOOD TO MANURE. 

Quantity of the Manure —How calculatod—Character of manure from 
horses, cattle, sheep, and pigs. The Litter —lbs absorbent power 
and composition. Com])o&itioyi of Proportion of tho ash. 

constituents and nitrogen of the food which appears in the li<g^uid 
and solid excrements—Composition of the excrements of sheep, 
oxen and cows. Manure Value of Foods —Tho quantity of nitrogen 
and ash constituents contained in foods and their relative manure 
value.—The actual value of tho manure under various circum¬ 
stances—Economic use of manure. 

Quantity of the Manure. —The quantity of manure 
furnished by an animal is plainly dependent to a con¬ 
siderable extent on the quantity and kind of food 
which it consumes. An animal on a maintenance diet 
will yield a minimum quantity of manure, an animal 
liberally fed will produce much more. The quantity 
of the solid excrement will be much influenced by the 
proportion of indigestible matter in the food. An ox 
fed on hay and straw will produce far more solid 
manure than one fed on roots, the former foods leav¬ 
ing 40 — 50 per cent, of their organic matter undi¬ 
gested, while of the roots only 12 per cent, is so left. 
The bulk of the urine is chiefly determined by the 
quantity of water in the diet, feeding with roots will 
thus greatly increase the volume of the urine. The 
solid matter in the urine, being the residue of the pro¬ 
cesses of oxidation in the animal body, will rise and 
fall in quantity according to the amount of nitro- 
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genous matter, and salts received into the circulation 
irpm,,. the organs of digestion. The quantity of dry 
matter in the solid excrement of an animal may be 
calculated from the digestion coefficient of the dry 
matter in Jhe food. The quantity of dry matter in 
the urine is, according to Wolff, about 6 per cent, of 
the dry food consumed. 

The mixed excrements of pigs, and those of cattle, 
are far more watery than those of sheep and horses ; a 
larger proportion of litter has, therefore, to be used for 
the first-named animals. An ox of 1,000 lbs. weight 
will furnish, according to Wolff, about 86 lbs. daily of 
fresh manure (including litter), and a horse of the same 
weight 53 lbs. Manure freshly made, with a minimum 
of litter, will contain 70—80 per cent, of water. The 
manure from stall-fed cattle and pigs ferments slowly, 
and is said to be “cold.” The stable manure from 
horses ferments readily, and is termed “ hot.” 

The Litter.— The worth of a litter depends partly 
on its powers of retaining water and ammonia, and 
partly upon the inanurial constituents which itself 
supplies. A litter lias the greatest power of absorption 
when it is finely divided; straw chaff is thus a better 
absorbent than long straw. 

WATER RETAINED BY 1 PART OE LITTER. 


Dead leaves 

2-0 

Spent tan .. 

.. 4*0-~-5-0 

Straw 

.. 2 * 2 ~ 3-0 

Peat 

.. 5*0--7-0 

Sawdust ,. 

1 

p 

^ i 

Peat Moss.. 

lO'O 

_ 1 
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MANURI4L CONSTITUENTS IN 100 PARTS OP LITTER. 



Nitrogen 

Phosphoric 

Acid 

Potnsh 

Dead leaves 

O'S 

0*3 

0-3 

Straw . 

<p 

6 

1 

v* 

6 

0-2 0‘3 

0-G—1-0 

Peat Moss. 

0-7 

01 

01 

Sawdust 

o 

1 

6 

0*3 

0-7 

Spent tan. 

0-5-1-0 



P eat • • • a •. •. 

1-0-2-0 

— 

— 


Miintz and Girard saturated different litters with a 
solution of carbonate of ammonium, and then allowed 
them to dry in the air. For 10 of ammonia retained 
by pine sawdust, 37 were retained by the same weight 
of wheat straw, 183 by peat moss, and 240 by pow¬ 
dered peat. These figures do not represent the rela¬ 
tive retaining powers when wet, asunder this condition* 
the amount of water held by the litter would have 
great influence. Peat and peat moss are clearly 
, the most efficient absorbents ; they decompose, how- 
I ever, but slowly in the soil. 

Composition of Manure. —In the case of an adult 
animal, neither gaining nor losing weight—a working 
horse, for instance—the quantity of nitrogen and ash 
constituents voided in the manure will be nearly the 
same as that contained in the food consumed, the 
albuminoids and ash constituents of the food used for 
the renovation of tissue being, in this case, equivalent 
to the quantities yielded by the degradation of tissue. 
In cases where the animal is increasing in size, is 
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producing young, or furnisTiing wool or milk, the 
amount of nitrogen and ash constituents in the 
manure will be less than that in the food in direct 
proportion to the quantity of these substances which 
has been converted into animal increase. The manure 
from animals of the latter description will thus be 
poorer than that obtained from the former class, sup¬ 
posing the same food to be given to each. Ordinary 
labour does not increase the quantity of nitrogen and 
ash constituents voided. 

The proportion of the nitrogen in the food which 
will appear in the solid excrement is determined by 
the digestion coeflicient of the nitrogenous constitu¬ 
ents. Thus 79 has been already given as the diges¬ 
tion coefficient of the nitrogenous matter of barley 
meal when consumed by a pig. It follows that, in this 
case, for 100 of nitrogen consumed, 21 will be voided 
in the solid excrement and 79 pass into the blood. It 
has been already stated that 500 lbs. of barley meal, 
containing about 53 lbs. of nitrogenous substance, will, 
in the case of a fattening pig, produce 100 lbs. of 
animal increase, containing 7*8 lbs. of albuminoids. It 
follows from these data, that for 100 lbs. of nitrogen 
consumed, 147 are stored up as carcase, 21 appear in 
the solid excrement, and 64*3 as urea, &c., in the 
urine. In the same way, by deducting the ash con¬ 
stituents stored up from those present in the food, we 
can arrive at the quantity of ash constituents voided 
in the manure. The following table shows the results 
obtained by this mode of calculation in the case of the 
fattening ox, sheep, and pig receiving the diets men¬ 
tioned on p. 193. The relation of food to manure in 
the case of milking cows is calculated from Eothamsted 
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experiments, in which cows receiving a liberal diet 
yielded an average of 27 lbs. of milk daily. The horse 
at rest is assumed to receive a daily ration of 19 lbs. 
of meadow hay; the horse at work, 16 lbs. of hay 
and 10 lbs of oats daily. 


NITROGEN IN ANIMAL PRODUCE, AND VOIDED, 
FOR 100 CONSlTMI^M) AS FOOD. 



Obtained as 
Carcase or 
Milk 

Voided as 
Solid 

Excrement 

Voided as 
Liquid 
Excrement 

In 

Total 

Excrement 

Horse at rest. • 

None 

43-0 

67*0 

100 

„ at work 

None 

29*4 

70*6 

100 

Fattening oxen 

S-9 

22-6 

73-6 

96*1 

Fattening sheep 

4-3 

16*7 

79*0 

95-7 

Fattening pigs 

14-7 

21*0 

64*3 

85-3 

Milking cows .. 

24*5 

18*1 

57*4 

75*5 

Calf fed on milk 

69-3 j 

5*1 

25*6 

80*7 


ASH CONSTITUENTS IN ANIMAL PRODUCE, AND VOIDED, 
FOR 100 CONSUMED AS FOOD. 



Obtained as Live 
Weight or Milk 

Voided in 
Excrements and 
Perspiration 

Horse at rest. 

None 

100 

Fattening oxen. 

2'3 

97*7 

Fattening sheep 

3*8 

96*2 

Fattening pigs .. 

4*0 

96*0 

1 

Milking cows. 

10*3 

89*7 

Calf fed on milk 

54*3 

1 46*7 
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The proportion of the ash constituents of the food 
which is stored up in the body of an animal is gener¬ 
ally very small. In the case of the fattening animals, 
96 per cent., or more, of the ash constituents of the 
food find their way into the manure; but with young 
growing animals the proportion retained in the body is 
much more considerable. 

With fattening oxen and sheep, and with horses, 
more than 95 per cent, of the nitrogen of the food are 
voided in the manure. The pig is seen to retain a 
larger proportion of the nitrogen of its food, about 
85 per cent, appearing in the manure. The milking 
cow gives a still better return in saleable produce for 
the nitrogen which it receives, only about 76 per cent, 
appearing in the manure. The best return is in the 
case of the young calf fed on milk, only 30 per cent, of 
the nitrogen consumed appearing as manure. These 
proportions are, of course, exactly true only in the 
case of the diets assumed to be given to each animal; 
with diets containing a smaller amount of albuminoids 
the proportion of nitrogen appearing as manure will be 
diminished. 

The amount of nitrogen voided in the urine is seen 
to be always greater than the quantity contained in 
the solid excrement, and in the case of fattening 
animals it may be three or four times as much. This 
relation will vary according to the character of the 
diet. If the food is nitrogenous, and easily digested, 
the nitrogen in the urine will greatly preponderate ; if, 
on the other hand, the food is one imperfectly digested, 
the nitrogen in the solid excrement may form the 
larger quantity. When horses are fed only on poor 
hay, the nitrogen in the solid excrement will somewhat 
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exceed that contained in the urine. On the other 
hand, corn and cake yield a large excess of nitrogen in 
the urine. 

The ash constituents are very differently distributed 
in the solid excrement and urine; in the former is 
generally found nearly all the phosphoric acid, and 
the greater part of the lime and magnesia, while the 
urine contains the greater part of the potash. Horse 
urine is an exception to the above rule, as it contains 
a rather notable amount of lime. When animals 
receive food containing a considerable amount of alkali 
phosphates and but little lime, phosphoric acid will 
appear in the urine. Pigs fed on potatoes, peas, and 
milk yielded over 50 per cent, of the phosphoric acid 
in their urine. With sheep and horses, and probably 
more or less with other animals, a part of the potash is 
excreted in the perspiration. 

The following table shows the distribution of nitro¬ 
gen, phosphoric acid and potash in the milk, solid 
excrement, and urine of a cow. The experiment 



Voided by Cow in 100 Bay a 

Per cent of each Constituent 

Nitrogen 

Plios- 

pboric 

Acid 

Potasb 

Nitrogen 

Phos¬ 

phoric 

Acid 

Potash 


lbs. 

lbs. 

lbs. 




Milk 

11*4 

4-7 

4-6 

16*6 

23-0 

9-9 

Faeces 

21-6 

16-6 

7U 

81-2 

75-6 

16-6 

Urine 

36-1 

0-3 

34-2 

62*3 

1-4 

74-6 

Total .. 1 

69-0 

20*5 

45-8 

100-0 

100-0 

100-0 
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was made in Pennsylvania, and lasted fifty days. 
The cows received a nitrogenous diet of hay, cake and 
corn; no roots were given. The average yield of milk 
was 22’8 lbs. per day. 

The immense loss of nitrogen and potash which 
must occur when the urine is not preserved is strikingly 
shown by these figures. 

Some idea of the general composition of the solid 
excrement, and of the urine of various animals, receiving 
various diets, is supplied by the following tables. The 
sheep were fed on meadow hay. The oxen on clover 
hay and oat straw, with about 8 Ihs. of beans per day. 
The cows received in one case 154 lbs. of mangels, and 
in the other case 26 lbs. of lucerne hay and 66 lbs. of 
water per day. 

The immense influence of the character of the diet, 
both on the quantity and quality of the manure, is well 


FEEOENTAGE OOMPOSITION OF SOLID AND LIQUID 
EXCREMENTS. 

(1) SiiuEP Fed on Hay. 



Solid Excrement 

XTrine 

Fresh 

Dry 

Fresh 

Dry 

Water 

66'2 

•• 

85-7 


Organic matter 

30*3 

89*6 

8'7 

61-0 

AsIl. 

3-5 

10-4 

56 

39*0 

Nitrogen 

0-7 

2-0 

1*4 

9-6 
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(2) Oxen with Niteogenous Diet. 



Solid Excrement 

Urine 


Fresh 

Dry 

Fresh 

Dry 

Water 

8G-3 

.. 

94-1 

.. 

Organic matter 

12-3 

897 

3*7 

63-0 

Ash. 

1-4 

10*3 

2-2 

87-0 

Nitrogen 

0*3 

1-9 

1*2 

20-6 


(3) Cows Fed on Mangels, and on Luceenb Hay. 



Mangels 

Lucerne Hay 

Solid 

Excrement 

Urine 

Solid 

Excrement 

Urine 


lbs. 

lbs. 

lbs. 

lbs. 

Fresh manure per day 

42 

88 

48 

14 


Per cent. 

Per cent. 

Per cent. 

Per cent. 

Water 

83-00 

95-940 

79*70 

88-230 

Nitrogen 

•83 

•124 

•34 

1-540 

Phosphoric acid 

*24 

•Oil 

•16 

•006 

Potash 

•14 

•597 

•23 

1*690 


shown by the two experiments with cows. The dif¬ 
ference appears chiefly in the urine, which is largely 
increased in quantity by the mangels. 

The richness of the urine, both in ash constituents 
and nitrogen, is, in all cases, very evident. In the case 
of the more highly-fed oxen, the dry matter of the 
urine is seen to contain over 20 per cent, of nitrogen. 
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Manure Value of Foods. — (1) Hcldtive Value, The 
relative value of the manure produced by different 
foods is determined by the relative richness of the 
foods in nitrogen and ash constituents, but chiefly by 
the amount of nitrogen, this being the most costly 
ingredient of purchased manure. The average amount 
of nitrogen, and of the two most impurtant ash con¬ 
stituents contained in ordinary cattle foods, is shown 
in the following table. The relative manure value of 
each food has been calculated from the market prices 
of the manure constituents; these prices are, of course, 
liable to variation.^ 

The manure value of different foods varies ex¬ 
tremely. One ton of decorticated cotton cake has 
about four times the manure value of ¥ 
barley or oats, and thirty times as much as a ton of 
turnips. The practical importance of such facts is very 
groat. We have already seen that decorticated cotton 
cake and ^^h'ea^tinay"“yield increase in 

live weight when employed as food; they may also 
have the same price per ton. The farmer will, how¬ 
ever, unhesitatingly prefer the cake in consequence of 
its far higher manure value. 

The oilcakes yield the richest manure, as they 
contain the largest amount of nitrogen and phosphoric 
acid, with a considerable amount of potash. Next to 
these come the leguminous seeds, malt dust and bran. 
Clover hay yields a rather richer manure than the 
cereal grains, while meadow hay stands rather below 


' In January, 1902, the wholesale price of nitrate of soda at Liver¬ 
pool was £10 a ton; of kainite, £2 lOs. ; of 80 per cent, superphos¬ 
phate, £2 12s. These prices work out to the following values: Nitrogen 
nearly 7d. per lb., phosphoric acid, 2d., and potash, 2d. per lb. 




MANUBE CONSTITUENTS AND RELATIVE MANURE VALUES 
OF ORDINARY FOODS. __ 



In 1,000 Parts of Food 


Relative 


Dry 

Matter 

Nitrogen 

Phos¬ 

phoric 

Acid 

Potash 

Manui’e 

Vaiue* 

Cotton cake (decorlji- 
oated) 

918 

72-0 

82-5 

15-8 

1,000 

Earthnnt cake 

893 

76-2 

20*0 

15-0 

1,003 

Rape cake 

900 

49'6 

20-0 

13 0 

689 

Linseed cake .. 

883 

44*8 

16*2 

12-5 

620 

Cotton cake (undecort.) 

875 

36*2 

25-8 

16-1 

550 

Linseed 

908 

36*1 

13-9 

10-3 

503 

Palm-kernel meal .. 

896 

26-9 

11-0 

5-0 

866 

Beans. 

857 

40*7 

12*0. 

12-9 

561 

P eas • • ^■ 

860 

SCO 

8-4 

10-1 

485 

Malt dust 

900 

37 9 

18-2 

20*8 

578 

Brewers’ grains (dried) 

905 

33-0 

16-1 

2-0 

441 

Wheat bran .. 

868 

22*6 

26-9 

15-2 

402 

Rice meal 

897 

19-7 

26-7 

7*1 

336 

Wheat. 

866 

18-7 

8-0 

5*3 

263 

Rye . 

866 

18-3 

8*6 

6*8 

262 

Oats . 

870 

18*1 

6-9 

4*8 

251 

Barley . 

857 

17-0 

7-9 

4*8 

241 

Maize. 

890 

16*6 

5-7 

3*7 

225 

Brewers’ grains (fresh) 

238 

8-1 

4-2 

0*5 

109 

Clover hay (medium) 

837 

21*8 

5-G 

18-9 

345 

Meadow hay (medium) 

863 

14-7 

4-1 

13'2 

235 

Bean straw . . 

816 

13‘0 

2-7 

18-7 

232 

Oat straw 

855 

6-4 

2-8 

17-7 

152 

Barley straw .. 

858 

5-6 

2-0 

10*6 

112 

Wheat straw .. 

864 

4*8 

2-2 

6*3 

87 

Potatoes 

260 

3-4 

1-6 

6*7 

67 

Mangels 

120 

2-0 

0*8 

4*8 

44 

Carrots , • 

130 

2*0 

0-9 

2*6 

36 

Swedes . • 

107 

2*2 

0*6 

2*0 

35 

Turnips 

85 

1-6 

0*9 

3*4 

34 


* These values have not been recalculated for the present edition, as the alterations 
■which have tahen place in market values do not seriously alter the values of the 
foods. 
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them. The cereal grains and the roots contain about 
the same proportion of nitrogen in their dry substance; 
the roots, however, supply much more potash. Potatoes 
stand below roots in manurial value when compared 
on the basis of their dry substance. Wheat straw 
takes the lowest place of all when foods are compared 
on the basis of their dry substance. 

(2) Actual Value .—The nitrogen, phosphoric acid 
and potash in one ton of decorticated cotton cake, if 
reckoned at the market values of these substances in 
active manures already quoted, will have a total value 
of £5 12s. Id.; the actual value to the farmer is, how¬ 
ever, far below this. The actual value of the manure 
from a food depends partly, as we have already seen, 
on the amount of nitrogenous matter, phosphates and 
potash appropriated by the animal; these have in 
every case to be deducted from the constituents of the 
food before we can estimate its value as manure. The 
actual manure value depends also partly on the con¬ 
dition of the nitrogen, phosphates and potash present 
in the manure. It depends, finally, to a very con¬ 
siderable extent, on the changes which the manure 
undergoes before it reaches the land. 

The potash in fresh manure is mostly in a readily 
soluble form, and may be reckoned as having a money 
value equal to the potash in commercial potash salts. 
The phosphates in manure can hardly be reckoned as 
equal in availability to the soluble phosphate of super¬ 
phosphates, but it may probably be considered as 
similar in value to the phosphates in bone dust. The 
nitrogenous matter in fresh urine (chiefly urea) is 
perfectly soluble, and diffuses are readily in the soil as 
a nitrate; is is rapidly converted into carbonate of 
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ammonium by the action of certain bacteria .. present 
inl^Ee atmosphS^^^ the soil. The nitrogen of urea 
may apparently be reckoned as of equal value to that 
in ammonium salts. The nitrogenous matter of the 
solid excrements is certainly of far less value, con¬ 
sisting chiefly of vegetable matter which has already 
resisted the prolonged attacks of the digestive fluids 
and of the bacteria of the intestines; it will become 
available as plant food only by slow decomposition in 
the soil. 

The constituents of animal excrements are in the 
condition of greatest value as manure at the time 
when they leave the animal; after mixing with litter 
and storage in heaps their manure value considerably 
diminishes. The manure from food thus yields its 
best return when the food is consumed upon the land, 
and the manure at once ploughed in; this happens 
when sheep receive oilcake while feeding off a crop 
of swedes. During the fermentation of the manure 
with litter the constituents enter into new com¬ 
binations; the ammonia produced from the urine 
combines with the humic acids formed from the 
decomposing litter, insoluble amide compounds being 
produced. The potash also enters into combination 
with the humic matter. The constituents of farm¬ 
yard manure are thus not so immediately available for 
plant food as the original animal excrements. The 
nitrogen of farmyard manure has been valued by 
Wagner, from its effect in producing crops, at 45 per 
cent, of the value of nitrogen in nitrate of sodium. 

Besides the change in condition, we have further 
to take into account the serious losses in quantity 
which the constituents of animal manure may suffer 
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before they reach the land. In the yard or stable 
much urine may run to waste. Ammonia will 
volatilise as gas in the stable during the decom¬ 
position of the urine. The mixed manure and litter 
may again suffer loss by drainage if exposed to rain. 
Considerable farther loss of nitrogen may occur during 
the fermentation in the manure heap, free nitrogen 
being evolved. In the case of ordinary farmyard manure 
less, and sometimes much less, than one-half the 
nitrogen that left the animal is finally brought on to 
the land. Any loss of urine, or drainage from the heap, 
will also seriously diminish the supply of potash. 

The results obtained by manuring barley crops at 
Eothamsted and Woburn illustrate the varying manure 
values of the nitrogen of oilcake when applied to the 
land in various stages of use. Eape cake ploughed 
into the land at Eothamsted before sowing barley has 
yielded an average return of about 80 per cent, of that 
yielded by a similar amount of nitrogen applied as 
nitrate of sodium.^ Decorticated cotton cake is con¬ 
sumed at Woburn by sheep feeding off swedes. Its 
average effect on the following barley crop is about 46 
per cent, of that yielded by the same quality of nitro¬ 
gen as nitrate of sodium applied directly to the barley. 
Cake and other foods are consumed at Woburn by 
fattening bullocks in deep stalls or boxes. ' The manure 
is left undisturbed till the feeding is completed, then 
taken out and clamped, and finally applied as a top 
dressing to barley in a very well-rotted condition. 


' Applied to mangels, the average return from rape cake and nitrate 
of sodium is at Rothamsfced very similar, though in individual seasons 
the differences are considerable. 
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Under these circumstances the return in barley from 
the nitrogen in the food is about 20 per cent, of that 
yielded by the nitrogen of nitrate of sodium. This 
return rises to 32 per cent, if the effect of the residue 
of the farmyard manure during fifteen subsequent years 
is taken into the account. 

Lawes and G-ilbert, in their estimates of the manure 
value of foods supplied to fattening animals, have first 
deducted the nitrogen, phosphates and potash which 
they estimate are retained by the animal, and then 
reckoned one-half of the remaining nitrogen, phosphates 
and potash at the current values of these substances in 
artificial manures. These estimates are more probably 
too high than two low. 

The feeding of animals on the land is a plan which 
has many advantages, and if carried out under favour¬ 
able circumstances will yield the best return from the 
manure constituents of the food; the distribution of 
the manure is apt, however, to be irregular, and in 
autumn or winter some loss may occur from rain 
and drainage. It is generally, however, not possible 
to consume more than a small part of the food of the 
farm in this way. The use of litter, and the prepara¬ 
tion of farmyard manure, becomes, therefore, a neces¬ 
sity. Farmyard manure should always be prepared 
under cover. The precautions to be taken for diminish¬ 
ing the losses which it suffers have been already noticed 
on p. 51. 



CHAPTER XL 


■ THE DAIRY. 

Millc. —^Its constifcuonts—Conditions affecting its richness—Influenco 
of breed. Curdling. —The action of bacteria. Cream. —The fab 
globules — Modes of raising cream — Composition of cream — 
Ripening of cream. Sldm and Sc])arated Milk.—It?, composition 
under various conditions. Butter. —The operation of churning— 
Return for milk used — Composition of butter. Butter Milk. — 
Its composition. Cheese. —Rennet—Operation of cheese-making— 
Ripening of cheese—Composition of cheese. Wheij .—Its com 
position. Annatto. —Its nature and use. Necessity for Cleanlmess. 

Milk.—The general composition of colostrum and 
of ordinary cows’ milk has been already given on 

p. 170. 

The milk from a herd of dairy cows has generally a 
specific gravity between 1*030 and 1*040. The solids 
other than fat tend to rai^e the specific gravity, while 
the fat tends to lower ii As cream may be removed 
and water added without altering the specific gravity, 
no safe conclusion as to the quality of milk can be 
based on this indication. 

The alhuminoids of milk are chiefly composed of 
two constituents, casein^ and albumin. Casein is 
coagulated by the addition of acids, or by rennet, but 
not by boiling. Albumin is not coagulated by rennet, 
or by most acids, but is coagulated by heat. In colos¬ 
trum albumin la^i^g^ly preponderates, so that the milk 

* Some writers call the original, unprecipitated albuminoid in the 
milk, caseinogen. 
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coagulates on boiling. In ordinary cows’ milk the 
albumin forms about 12 per cent, of the total albu¬ 
minoids, but the proportion is somewhat variable. 

The fat of milk differs considerably in composition 
from the fat of the animal body; it consists of the 
glycerides of at least nine fatty acids. Eight of these 
form a perfect chemical series, in which each differs from 
the preceding by the addition of to the molecule. 
The lowest member of the series is Butyric acid, C^TIgOg; 
the highest member is stearic acid, CigHgeOg. The 
average percentage composition of milk fat is about 
as follows.— 


Butyrin 

• • 

.. 8.85 

Caproin 

• • 

.. 3-60 

Caprylin 


•65 

Oaprin 


.. 1-90 

Laurin 


.. r-40 

Myristin 


.. 20-20 

Palmitin 


.. 25-70 

Stearin 


.. 1-80 

Olein .. 

•• 

.. 35-00 



100-00 


Olein and the lower members of the series are ligtuid 
fats; the fats become more solid as they rise in the 
series, stearin being t^^^ About 7*0 per cent, 

of the fatty acids, chiefly consisting of the three lower 
members of the series, are soluble in. water. The 
soluble acids have also a lower filing ppint, and can 
be separated by distillation. These facts serve to 
distinguish butter fat from aninjaLiats (as margarine) 
which contain no soluble and volatile fatty acids. The 
proportion of the various fats changes somewhat with 
the diet and condition of the animal; the influence of 
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food on the composition of the fat has been already 
noticed, p. 208. Milk fat has a lower heat value than 
the fats of the animal body; 1 gram of milk fat has 
a heat value of 9*2 Calories. 

The sugar contained in milk is known by chemists 
as lactose or lacton. This sugar is not present in the 
vegetable foods consumed by the cow; these foods, 
however, contain substances which yield galactose by 
hydrolysis, and others yielding dextrose by the same 
process. It is possible that these two sugars together 
form lactose in the animal, as lactose can be split up 
into these bodies. 

Besides the three groups of constituents already 
mentioned, milk contains very small quantities of 
citrates, and traces of several other organic bodies. 

The constituents of the ash have been already 
referred to, p. 108. 

Variations in Composition.— The composition of 
cows’ milk is affected by many circumstances; under 
extreme conditions it may contain 10—17 per cent, 
of dry matter. The percentage of sugar and ash varies 
very little, the percentage of albuminoids varies a 
little more, the fat varies most of all; rich milk may 
easily contain twice as much fat as poor milk. In the 
nixed milk of a herd of cows the non-fatty solids very 
seldom fall below 8*6 per cent., nor the fat below 3*0 
per cent.: these facts become of great importance 
Alien adulteration with water has to be detected. 

L cow in calf is usually in milk for ten months. 

? The period of full milk is generally from the second 
; to the seventh week; this period is more prolonged 
^ vhen the cow is on grass. As the milk falls off in 
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quantity it increases somewhat in richness. The milk 
sent from the country to London, yielded for the most 
part by cows calving in the spring, is poorest from 
April to June, and richest in November, the total 
variation amounting to 0*6 per cent, of fat. The 
evening’s milk is usually richer than the morning’s 
milk; the average difference in the milk sent to 
London is 0*36 per cent, of fat, but in particular cases 
the difference may exceed 1*0 per cent. This difference 
is apparently connected with the times of supplying 
food and water, it is greatest during winter feeding, 
and may disappear altogether while a cow is on 
pasture. The first milk leaving a cow’s udder is very 
poor in fat, sometimes but little superior to skim-milk ; 
the last milk is extremely rich in fat. The whole of 
the milk yielded by a cow must thus be thoroughly 
mixed before its composition can be truly ascertained. 

InfLuence of Breed. —The richness of milk depends 
much on the ''race” of the cow, the fat being the 
constituent most affected. The Jersey breed gives 
the richest milk, the fat amounting to 5—6 per cent. 
Next to this stands the Guernsey. The Kerry, 
Welsh, and Red-polled follow with over 4 per cent, 
of fat. The milk of the Shorthorn and Ayrshire con¬ 
tains nearly 4 per cent. The Holstein, and some 
other Continental breeds, yield about 3*4 per cent. 
The Holstein and Shorthorn are remarkable for the 
large quantity of milk they yield. The difference 
between individual cows of the same breed may be 
very great. The milk of each cow in a dairy should 
be separately tested if economic production is desired. 

It is quite obvious that a different cow is required 
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when the sale of milk is intended, than for the 
economic production of butter or cheese. The 
average results obtained at three American stations as 
to the produce of milk and of milk fat, and as to 
cost of food, with various breeds of cows, were as 
follows :— 



Produce in one 
Year 

Fat 

per cent, 
of 

Milk 

1 

Cost of Food for | 

Milk 

Fafe 

100 lbs. 
Milk 

1 lb. 

Fat 


lbs. 

lbs. 


Pence 

Pence 

Jersey . 

5,570 

301 

5-4 

m 

CO 

G-uernsey 

0,210 

323 

5-2 

415 

8 

Sliorfehom . • 

8,096 

345 

4-0 

395 

9.5 

Ayrshire 

0,909 

248 

3-6 

395 

loi 

Holstein •• 

8,215 

282 

3-4 

37i 

lof 


The Holstein cow thus produced the cheapest milk, 
and the Guernsey cow the cheapest butter. If 
ordinary cheese is to be manufactured, the presence 
of an exceptional amount of fat in the milk is not 
desired, and is, in fact, uneconomical, as the fat 
demands more food to produce it than any other 
constituent of the milk. 

The influence of diet on the production of milk and 
butter has been already considered (p. 203). 

Curdling. —Healthy milk as it occurs in the cow's 
udder is free from the organisms which produce 
change; but in the operation of milking, and during 
subsequent exposure to air, bacteria, moulds, and 
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yeasts find admission. The ordinary souring of milk 
is produced by various species of bacteria, which 
during their growth convert the sugar of milk into 
lactic acid. This acidification of the milk induces the 
coagulation of the caseihi. The higher is the tem¬ 
perature the smaller is the proportion of acid which 
will curdle milk. Milk is also curdled by other species 
of bacteria, which produce no, or very little, acidity, 
but apparently act by the formation of a rennet-like 
enzyme. Other ferments (enzymes), altering the con¬ 
dition of the albuminoids in milk, are produced by 
other species of bacteria. The presence of these 
enzyme-forming bacteria sometimes occasions much 
difficulty in dairy work, and is the cause of many of the 
so-called diseases ” of milk. The development of 
these mischievous bacteria may be checked by cooling 
the milk while the cream is rising. The speedy work 
done by the centrifugal machine also enables the 
required products to be obtained before change has 
occurred. All micro-organisms may be destroyed by 
a boiling heat, and many by prolonged exposure to a 
temperature of 140° Fahr. Milk that has been heated 
for some time to the temperature of boiling water in a 
closed vessel is said to be sterilised. Milk that has been 
heated for twenty minutes to 158° Fahr. is said to be 
pasteurised. In pasteurised milk all organisms, save 
spores, have been destroyed, while the character of the 
milk is little altered. 

Cream. —The fat of milk occurs in the form of 
globules; the largest are about *0005 inch in diameter, 
the smallest may be one-tenth this diameter. The 
average size of the globules is different with different 
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breeds of cattle; thus, they are considerably larger in 
the milk of the Jersey and Guernsey than in the milk 
of the Ayrshire or Holstein breeds. The Devons and 
Shorthorns hold an intermediate position. The large 
globules diminish in number as the time from calving 
increases. The fat of the milk globules, in a solid 
state, has a specific gravity of *930, and in a liquid 
state, *912 ; the serum in which the globules float has 
a specific gravity of about 1*038. The globules thus 
tend to rise to the surface, where they form a layer of 
cream. The rapidity of rise is greatest while milk is 
cooling, as the globules then still contain liquid fat. 
The largest globules are the first to rise, the smallest 
may never rise at all. The smaller is the globule the 
larger is its surface in proportion to its volume, and 
the greater the resistance to its rise. Milk containing 
an abundance of large globules is best for butter¬ 
making, as the cream then quickly and perfectly 
separates; but milk with small globules is probably 
best for cheese-making, as a more even distribution of 
fat throughout the curd is then obtained. 

Methods of Separation. —Milk, when it leaves the 
cow, will have a temperature of about 90° Fahr.; if 
set for cream it should be cooled as quickly as 
possible, as changes in composition would rapidly 
occur at a high temperature. Milk is often set for 
cream in shallow vessels, the depth of milk being 
perhaps three inches; in these vessels the milk stands 
for thirty-six to forty-eight hours till the cream has 
risen. Under these conditions a large surface is 
exposed, the milk receives a great niunber of bacteria 
and moulds from the air, and a maximum amount of 
change takes place: the result is a decomposition of 
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a part of the albuminoids and fats, the production of 
lactic acid, and the partial curdling of the milk. The 
cream obtained in this way is contaminated with curd, 
and contains various strongly-flavoured products of 
decomposition, which deteriorate the quality of the 
butter. 

A much better plan is to place the milk in metal 
pails, 16 inches deep, surrounded by cold water or ice. 
The cream rises quickly, and can all be obtained in 
twelve to twenty-four hours from the time of setting. 
Cream thus prepared is perfectly sweet and free from 
curd, the low temperature at which the milk has been 
kept having reduced chemical change to a minimum. 
It occasionally happens that milk will not yield its 
cream at low temperatures ; this is sometimes the case 
with the milk of cows several months after calving 
(when, consequently, the fat globules are small), and 
especially when receiving a winter diet. 

A third plan of separating cream is by subjecting 
the milk to extremely rapid horizontal revolution in a 
centrifugal machine. Under these circumstances the 
serum, being the constituent of highest specific gravity, 
is thrown to the outer side of the revolving vessel, 
while the fat globules rise into the centre of the mass. 
In Lavabs machine the new milk, at a temperature of 
84°, enters in a continuous stream, and is immediately 
separated into cream and skim milk, the former leaving 
the apparatus by a pipe from the middle of the top, the 
latter by another pipe at the side. Both the cream and 
skim milk thus obtained are, of course, perfectly sweet. 
The separation of cream in the centrifugal machine is 
far more complete than in either of the other pro¬ 
cesses. ibout 80 pAv /'.ent. of the milk fat is removed 
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by the ordinary process of shallow setting, and about 
95 per cent, by a good machine. A much larger 
quantity of butter can thus be obtained with a 
machine than by any other mode of working. 

Composition ,—Cream varies very greatly in composi¬ 
tion according to the manner in which it has been pro¬ 
duced. The volume of the cream obtained is always 
greater at a lower temperature; this fact should be 
borne in mind when comparing results given by the 
creamometer. Cream raised in ice will contain about 
20—25 per cent, of fat. Cream obtained by ordinary 
shallow setting may contain 15—40 per cent, of fat. 
Cream separated by the centrifugal machine will vary 
extremely according to the mode of working; it may 
be quite poor, or it may contain 60—60 per cent, of 
fat. Generally speaking, thin cream will contain 15—25 
per cent, of fat, and thick cream 30—50 per cent. The , 
scalded Devonshire cream contains about 58 per cent. I 
fat. 

In cream which has not been partially dried while 
rising, the constituents other than fat exist in the pro¬ 
portion proper to the quantity of milk serum present; 
in cream that has dried, as that made on the Devon¬ 
shire plan, the proportion of solids not fat is consider¬ 
ably increased. The following analyses are quoted 
from Droop Bichmond:— 



Water 

Fat 

Albu¬ 

minoids 

Sugar 

Asli 

Thin oroam .. 

67*60 

25*67 

2*60 

3*66 

0*57 

Thick cream 

39*37 

56*09 

1‘57 

2*29 

0*38 

Devonshire cream .. 

34*26 

58*16 

6*92 

0*60 
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Bipening .—The perfectly sweet cream obtained by 
using ice, or the centrifugal separator, is frequently 
slightly soured or ‘‘ ripened before churning. ]?or this 
purpose a little buttermilk is stirred in, and the cream 
warmed to about 70°. As soon as the cream thickens 
it must be churned, or else immediately cooled, to 
prevent the change proceeding further. It is claimed 
that rather more butter can be obtained from ripened 
cream than from sweet cream; this is especially the 
case when the cream is thin. The flavour of the 
butter also is altered, and to popular taste improved, 
by ripening the cream. The change is due to the 
action of micro-organisms, and the thickening is 
probably brought about by the curdling of the casein. 

SMm and Separated Milk.— Milk thoroughly skimmed 
after shallow setting will still contain about 0*8 per 
cent, of fat, and more than this quantity is frequently 
present. With deep setting and ice the percentage 
of fat left in the milk will be 0*5—0*7. When the 
centrifugal machine has been employed the percentage 
will be 0*05—0*3. In the experiments at Geneva, 
U.S., it was found that, with deep setting, twice as 
much fat remained in the skim milk from Holstein 
cows as in that of Guernseys and Jerseys, owing 
to the slower rising of the small fat globules in 
Holstein milk. With the centrifugal separator the 
results are very similar whatever the source of the 
milk; the size of the globules has in this case little 
influence. 

Skim milk obtained by shallow setting will contain 
in 100 parts about as follows : Water, 90*0 ; albu¬ 
minoids, 3*6; fat, 0.8; sugar, 4*9; ash, 0*7. Its 



CHURNING- 


235 


specific gravity is generally 1*034 to 1‘037. Separated 
inilk will average water, 90*5; albuminoids, 3*6; fat, 
0*1; sugar, 6*0; ash, 0*8 per cent. Skim milk is a 
very nitrogenous food, the albuminoid ratio being 
1: 1*8. In separated milk the ratio will be 1: 1*3. 

Butter.— The object of butter-making is 
to bring about the union of the fat globules which in 
milk and cream have existed separate from each other. 
The skilled butter-maker does not, however, aim at 
producing a solid mass of butter fat; for butter to be 
of good quality it must possess a certain texture and 
grain, and be neither hard nor greasy; this desirable 
result can only be attained by careful churning at a 
favourable temperature. If the temperature of the 
cream is too low, the butter will be long in coming, 
and will be hard in texture. If the temperature is 
too high, the butter will come very speedily, but the 
product will be greasy, destitute of grain, and deficient 
in quantity. No temperature can be fixed as the best 
at which churning should always take place. The 
proportion of solid and fluid fats in the milk varies 
somewhat wdth the diet of the cows, and this necessi¬ 
tates a change in the temperature. A higher tem¬ 
perature will be required in winter than iDTsummer, 
The temperature must also be higher for sour cream 
than for sweet cream. Generally speaking, perfectly 
sweet cream should be placed in the churn at 52°— 
65° Eahr., or lower for quick churning; and sour cream 
at 58°—63°. When sour milk is churned for butter 
the temperature must be about 65'". Thick cream 
can be churned at a lower temperature than thin 
cream. The exact temperature most suitable for 
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churning may be ascertained by recording every day 
the temperature employed, with the length of time 
occupied in churning, and the amount and character 
of the product; when this is done the temperature 
for each day can be regulated by the experience gained 
in the last working. In the recently introduced high¬ 
speed churns, the work is done by centrifugal action, 
and is accomplished in a very short time, and with 
little regard for temperature. 

The temperature will rise several degrees during 
churning, work being converted into heat. The rise 
in temperature causes an expansion of the air in the 
churn, and it is popularly supposed that gas is given 
off by the cream. The agitation with air displaces 
a little carbonic acid held by the cream, but no new 
gas is produced. 

Churning must always be stopped as soon as the 
butter appears in fine grains; any over-churning 
spoils the texture of the butter. The butter is then 
separated from the buttermilk, washed with cold 
water, and after standing to solidify is carefully 
worked and pressed to expel all watery matter; over¬ 
working in this stage will also spoil the grain and 
make the butter greasy. Butter made from perfectly 
sweet cream keeps better than butter made frozn 
sour cream; the latter always contains somewhat 
more albuminoids, and the process of change which 
leads to rancidity has already commenced. Salt is 
generally added to improve the keeping quality of 
butter. 

Good churning should result in 96 per cent, of the 
cream fat being obtained as butter fat. The loss of 
fat in the buttermilk is least when the cream contains 
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25 — 30 per cent, of fat. In the experiments at 
Geneva, U.S.,. 91*0 per cent, of the fat in milk was 
obtained as bnfcter from Guernsey, 89*1 from Jersey, 
83‘6 from Holderness, 82*3 from Devon, 79*1 from 
Ayrshire, and 74*6 from Holstein cows. 

Composition ,—Good fresh butter will usually contain 
12—15 per cent, of water, and salt butter 10—16 per 
cent. Fresh butter will contain 84—87 per cent, of 
butter fat; the other solid constituents will be about 
one-tenth of the water if the butter has been un¬ 
washed, or less when washing has taken place. Salted 
butter will usually contain 1—2 per cent, of salt, but 
in very salt butter 4—7 per cent, may be present. 

The chemical characteristics of butter fat which 
distinguish it from animal fats, and thus allow of the 
detection of adulteration, have been already mentioned 
(p. 226). When butter becomes rancid, the glycerides 
of the fatty acids are partly decomposed and the 
fatty acids liberated. The odour and flavour of 
rancid butter are largely due to free butyric acid. 

Buttermilk.— The liquid remaining in the churn after 
the separation of the butter from the cream varies a 
good deal in composition. The more perfect is the 
churning the smaller will be the percentage of fat left 
in the buttermilk. With good churning of ripened 
cream the percentage of fat in the buttermilk may be 
0*3, or even less. When sweet cream is churned 1*0 
per cent, of fat may be expected. The average com¬ 
position of buttermilk from ripened cream will be 
about—water, 90*9; albuminoids, 3*5 ; fat, 0*5 ; sugar 
and lactic acid, 4‘4; ash, 0*7. The albuminoid rativ. 
would be 1: 1*6. 
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Cheese.—Mamifacture, This substance is prepared 
by the action of rennet on milk. Eeniiet is made by 
extracting the fourth stomach of the calf with water 
containing 5 per cent., or more, of common salt. Its 
power of coagulating milk is due to the presence of an 
enzyme called rennin, which doubtless plays a similar 
part in the ordinary process of digestion in the calf’s 
stomach. Eennet solidifies the milk by separating the 
casein from solution,^ the fat globules are separated at 
the same time, being entangled in the curd formed. 
The action of rennet is very slow in the case of cold 
milk, it acts most speedily at a temperature of 106*^ 
Fahr.; above this point the action rapidly declines, 
and ceases at about 130^ Fahr. The rapidity of curd¬ 
ling is in a direct proportion to the quantity of rennet 
added. Slightly sour milk is more quickly curdled by 
rennet than sweet milk, but the presence of an acid 
(lactic acid) is not essential to the curdling. 

The composition of cheese depends greatly upon 
that of the milk from which it is made; rich cheese 
is made from new milk, cream being sometimes 
added to the milk for the production of the richest 
sorts; poorer kinds of cheese are made from milk 
wholly or partially skimmed. 

As cheese is usually made in the morning from a 
mixture of the evening and morning milk, one-half 
of the milk has already become sufficiently old to 


* According to modern investigators tlio curdling of milk by an acid 
censists in the precipitation of tho nnaltored albuminoid, casoinogen, 
rriginally present in the milk; rennet, on the other hand, splits up 
the casoinogen, precipitating the greater part of it as casein in com¬ 
bination with a small quantity of a calcium salt, while a small part, 
termed lactalbumin, or caseose, remains in solution in the whey. 
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develop a slight acidity. Acidification may be acceler¬ 
ated by adding a little milk which has already become 
sour; or it may be retarded by cooling the evening 
milk. 

The temperature at which the milk is curdled is of 
great importance. For soft cream cheese, the tem¬ 
perature may be 76°. For hard cheese, the 
temperature chosen will be between 80°—90° Fahr. 
When the temperature is low, the curd is very tender 
and the whey difficult to separate ; if, on the other 
hand, the heat is too great, the curd shrinks too 
much and becomes hard and dry. 

To ensure the regular manufacture of cheese of the 
same quality, the acidity of the milk and the tempera¬ 
ture of curdling must be kept uniform, and the strength 
of the rennet must be known, so that curdling may 
occupy always the same time. Eennet solutions 
diminish in power by keeping. 

When the curd is sufficiently firm it is carefully cut 
in all directions, and the whey allowed to drain off. 
The curd is often scalded with hot whey after cutting, 
with the view of making it shrink and harden; the 
temperature used at this point must not exceed 
100° Fahr. The drained and broken curd is allowed 
to remain till it has developed a certain amount of 
acidity. It is then pulverised in a mill, salted, again 
passed through the mill, and is then ready for filling 
into the frames. Curd when put into the frames 
should contain, according to Voelcker, about 54 per 
cent, of water when thin cheese is to be made, and 
not more than 45 per cent, if thick cheese is manu¬ 
factured. The curd from skim milk will contain much 
more water than a curd rich in fat. The frames 
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filled with curd are subjected to a gradually increasing 
pressure for several days. The cheese is finally re¬ 
moved from the frame and placed in the cheese-room 
to ripen. In making soft cheese the curd is not cut 
or pressed, but is simply allowed to drain on a cloth 
or frame. 

Beckoning the fresh cheese which goes into the 
cheese-room to contain about 36 per cent, of water, 
the products from 100 lbs. of normal milk will be as 
follows :— 



Total 

Produce 

Water 

Albu¬ 
rn! noida 

Fat 

Sugar, 

&c. 

Ash 


lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

Glieese 

10*40 

3*94 

2*57 

3*59 

0*17 

0*13 

Wlioy 

89*60 

83*16 

0*83 

0*31 

4*68 

0*62 

Milk 

100*00 

87-10 

3*40 

3*90 

4-85 

0-75 


As the period of lactation advances more cheese can 
be made from the same weight of milk, as the pro¬ 
portion of both casein and fat is increased. The loss 
of fat in the whey is no greater with rich milk than 
with poor if proper care is taken. 

Bi^pening .—Cheese ripens quickest at a moderately 
warm temperature ; 65°—70° is frequently employed at 
first, and afterwards a lower temperature. During the 
operation a loss of water takes place, the loss being 
greatest in the case of poor cheese. A considerable 
amount of chemical change takes place in the albu¬ 
minoids, a part of the casein becoming soluble in water, 
albumose and peptone, with the amides, leucin and 
tyrosin, being formed; in a later stage ammoniacal 
compounds may be produced. In experiments made at 










EIPENING OF CHEESE 


241 


Geneva, U.S., the fresh cheese, when placed in the 
cheese-room, had 6—7 per cent, of its albuminoids 
soluble in water ; at the end of three weeks, at a 
somewhat high temperature, over 20 per cent, were 
found to be soluble. In another series of experi¬ 
ments the fresh cheese contained 4*2 per cent, of its 
albuminoids soluble in water, and at the end of five 
months 35*5 per cent, of the nitrogenous matter was 
in a soluble state. Of the total nitrogenous matter 
89 per cent, was still albuminoid, while 11 per cent, 
had passed into the condition of amides or ammo- 
niacal compounds. 

The earlier changes which occur in the casein of 
cheese, before putrefaction sets in, are quite similar 
to those taking place in the process of animal diges¬ 
tion. It was at first supposed that these changes 
were brought about by bacteria, but it is now believed 
that they are due to an enzyme naturally present in 
milk; the presence of this enzyme was first ascer¬ 
tained by Messrs. Babcock and KusselL It has been 
shown that cheese will ripen at a temperature near 
freezing, and in the presence of substances which 
suspend the action of bacteria. When cheese is in 
an advanced stage of decomposition, fungi and bacteria 
become the chief chemical agents, and carbonic acid, 
water and ammonia the ultimate products. 

The fat of cheese undergoes little change during 
ripening, but some of the neutral fat is decomposed 
and butyric and other fatty acids are liberated. It 
was once believed that fat was produced from albu¬ 
minoids during the ripening process; this is not the 
case. The percentage of fat rises as the cheese gets 
older, owing to the loss of water and other products of 
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decomposition, but the absolute weight of fatty acids 
remains the same. Young cheese contains a small 
quantity of lactic acid. 

Govijposition ,—The different qualities of cheese are 
chiefly determined by the richness of the milk ; its 
sweetness or acidity; the proportion of rennet used; 
the temperature of curdling; the scalding and manipu¬ 
lation of the curd ; the pressure to which it is subject; 
the temperature of the cheese-room, and the age of the 
cheese. Curdling at a low or medium temperature, the 
omission of scalding, and a light pressure in the cheese- 
frame, are employed in the case of cheese intended to 
ripen early and develop mould. 

The chemical composition of cheese exhibits great 
variations, the differences, both in the original compo¬ 
sition and in the alterations due to age, being very 
considerable. Soft cheese contains most water, usually 
40—50 per cent. Skim milk cheese may also reach 
40 per cent, of water. Ordinary Cheddar will contain 
27—34 per cent. The percentage of fat depends, of 
course, on the materials employed. Cream cheese 
may contain 50—60 per cent.; Stilton, 35 per cent., 
or more; Cheddar and Cheshire, 24—33 per cent.; 
Gloucester (made from partly skimmed milk), 22—25 
per cent.; Skim milk cheese, 17 per cent. ; and 
cheese from separated milk, 1 per cent. The percentage 
of casein is determined by the percentages of water 
and fat present; in Cheddar and Cheshire it will be 
24—36 per cent.; in skim milk cheese it may exceed 
40 per cent. Cheese generally yields about 4 per cent, 
of ash; skim milk cheese, 6 per cent. A great part of 
the ash consists of common salt. 
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Whey-—The whey which drains from the curd in 
cheese-making is a perfectly transparent liquid, con¬ 
taining the sugar and albumin originally present in the 
milk; it should not contain more than a trace of 
butfcer. If, however, the curd has been roughly treated, 
the milk has been rich, and the temperature high, 
considerable quantities of butter will be present, and 
the cheese suffer in consequence. When whey is rich 
in butter it is generally allowed to stand till the butter 
has risen; the butter may then be added to the next 
churning. 

The average composition of whey is about as follows: 
Water, 93*3; albuminoids, 0*9; fat, 0*3; sugar and 
lactic acid, 4*9; ash, 0*6. The albuminoid ratio is 
1 : 5*7. 

Amiatto.—This is prepared from the pulpy coating 
of the seeds of Bixa Orellana. The orange colouring 
matter is soluble in alkalies and in oil. Solid annatto 
^sontains much alkali carbonate, it is therefore soluble 
in water. When used for colouring butter, a small 
quantity of annatto solution is added to the cream 
before churning. When cheese is to be coloured, the 
annatto solution is added to the milk before the 
rennet. 

Cleanliness.— In all the operations of the dairy the 
greatest cleanliness must be observed. All utensils 
should be washed with hot water as soon as done with, 
to destroy any adhering ferments. Every vessel con¬ 
taining milk, or its products, should be covered in order 
to protect it from dust. Without such precautions no 
good butter or cheese can be made. 
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NEW NITEOGENOUS MANUEES. 

The manurial sources of nitrogen have during the 
last few years been supplemented by two methods of 
bringing the nitrogen gas of the atmosphere into 
combination, and the products are now becoming 
factors of importance in the fertilizer market. Speak¬ 
ing broadly, there are two ways of bringing nitrogen 
into combination: firstly, at extremely high tempera¬ 
tures, such as are attained in the electric arc or sparks, 
nitrogen will combine with the oxygen also in the air 
to produce oxides which yield nitric acid on absorption 
with water; secondly, nitrogen will combine with a 
few metals and allied bodies to yield compounds which 
under the action of water give rise to ammonia. It 
has been this latter method that has first been deve¬ 
loped on a commercial scale by Frank and Caro, of 
Berlin ; they started with the calcium carbide which 
is so well known as a source of acetylene gas for 
illumination, and found that it would combine with 
nitrogen gas at quite moderate temperatures. The 
resulting product is now on the market as nitrolim, 
or calcium cyanamide, and large factories have been 
established for its production on a vast scale in Italy, 
Norway, Savoy, America, &c., where cheap water¬ 
power for the electrical manufacture of calcium 
carbide is available. 




APPENDIX 


245 


Nitrolim is a very fine dark grey powder, smelling 
somewhat strongly of the acetylene which is given off 
from a trace of calcium carbide it still retains. The 
more recent improvements in its manufacture have 
eliminated this impurity and also have done much to 
remove the dustiness which made the earlier product 
somewhat difficult to handle in the field. When 
nitrolim is applied to the soil it is attacked by the 
water present and becomes converted into ammonia 
on the one hand and carbonate of lime on the other. 
Experiments have shown that the change goes on 
pretty quickly, so that the nitrogen is readily available 
to the plant; its value, nitrogen for nitrogen, appears 
to be but little below sulphate of ammonia. The com¬ 
position of the output from the works is not quite 
uniform as yet, but as a rule it contains about 18 per 
cent, of nitrogen, and is in consequence almost as 
concentrated a fertilizer as sulphate of ammonia. In 
considering the value of nitrolim the carbonate of 
lime which it produces in the soil should be taken into 
account, as well as the 20 per cent, or so of free quick¬ 
lime which it also contains. Nitrolim is therefore a 
basic manure and is well suited for soils that are sour 
or heavy and require lime—^just the soils, in fact, on 
which sulphate of ammonia gives poor results. It is 
desirable to sow nitrolim some short time before the 
seed, so that it may get incorporated with the soil and 
decompose before coming in contact with the germinat¬ 
ing seedlings. When used, therefore, for barley, turnips, 
or root crops it should be sown previous to the last 
working of the land preparatory to seeding. It should 
not be used as a top dressing for corn crops, but it can 
be successfully sown on grass land early in the year— 
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in February or early March. It can be mixed with 
superphosphate, and a mixture of about eight parts 
of superphosphate to one of nitrolim makes an ex¬ 
cellent turnip manure which can be sown from the 
drill with the seed, but during the mixing a good deal 
of heat is developed. The mixing is, however, quite 
safe, and the heat can be diminished by sprinkling the 
mass with water. 

The electrical method of bringing the nitrogen and 
oxygen in the air into combination by means of the 
intense temperature of the arc is now the basis of two 
or more working processes. In the Berkeland-Eyde 
process air is blown through an intensely heated flat 
flaming arc and the combined gases which issue are 
absorbed by water and lime, with the eventual pro¬ 
duction of a nitrate of lime containing rather more 
than 13 per cent, of nitrogen. This nitrate of lime is 
now being turned out on a large scale from a factory 
at Notodden in Norway, and other works are in con¬ 
templation. Nitrate of lime is a rather^ coarse white 
powder which absorbs water rapidly from the air, and 
if left lying loose in a damp place will take up so 
much moisture as to liquefy. As a source of nitrogen 
it behaves exactly like nitrate of soda; it can be used 
in the same way and fiqi^^re^sai^ crops as nitrate of 
soda, and will, nitrogen for nitrogen, give the same 
returns. Being rather less rich in nitrogen (13'5. per 
cent, against 15*5 per cent.), about 8 lb. inust^ be 
reckoned as the equivalent of 7 lb. of nitrate of soda, 
128 lb. in place of a hundredweight of nitrate of 
soda. The fact that in the new fertilizer tlie nitric 
acid is combined with lime and not with soda will be 
of value on many soils, especially on those of a heavy 
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and retentive nature where the use of nitrate of soda 
is apt to result in a bad texture of the surface. Nitrate 
of lime will undoubtedly become a very valuable 
fertilizer, one, again, which acts as a basic substance, 
and is therefore valuable on sour soils. 

These new nitrogenous fertilizers, the number of 
which will certainly be soon increased, have been 
proved to be of real value; they belong to the active 
sources of nitrogen and are to be ranked with nitrate 
of soda and sulphate of ammonia and valued on the 
same basis. Which of the four the farmer should buy 
may be settled in the main by the price per unit of 
nitrogen, though the nature of the crop and the soil 
should also be considered. Barley and turnips answer 
better with nitrolim and sulphate of ammonia, though 
the latter should be avoided on soils short of lime or 
where finger and toe prevails. The nitrates are better 
for wheat, mangolds, and grass, and nitrate of lime 
should have the preference on very heavy working 
soils. 
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— work produced by, 184 
Force, production of, 110, 177, 

183 

Forest, action on the atmosphere, 6 

— produce, 14, 74, 81 

— soil, 10, 49, 82, 88 
Formaldehyde, production of, 6 
Fowls, digestion of, 149 

Fuel value, animal products, 119 

— — food constituents, 119 
Fungi, 6, 11, 40, 52 
Furfuroids, 127, 133 

GALi^CTOSE, 115, 227 
Gastric juice, 115 
Geese, digestion of, 149 
Gelatinoids, 105, 111 
Germination, 15 
Glauconite, 62 
Gloucester cheese, 242 
Glucose, fuel value, 119 
Glutamine, 131 
Glycogen, 177 
Goats, digestion of, 14'' 

Goat’s milk, 170 
Grass crop, 76, 91 

— composition of, 4, 73, 130, 

138, 220 

— digestibility of, 144, 146, 

150, 156 

— feeding value, 160, 163,184, 

1S7, 207 

— manure, 61 

— silage, 130, 140, 152 
Gravel, 28 

Green clover, composition of, 130 

— crops in rotation, 91 

— manuring, 24, 65, 93, 100 
Guano, 54, 65 

Guernsey cow, 228, 229, 231, 237 
Gypsum, 62, 65 



INDEX 


Haib, 58, 104 I 

Hay crop, 4, 7i, 76 j 

_ composition of, 130, 1S8, 220 

_ digestibility of, 144,146,151, | 


liigbt, action on plants, 5, 9, 85 
Lignin, 2, 133, 145 
Lime in foods, 136,137 

— soil, 34, 35, 38, 41, 46, 48, 
60 


_ feeding value, 120, 122, 125, 

160, 163, 184, 187 

— manure value, 220 
Haymaking, 139, 140, 151 
Heat, animal, 111, 174 

— relations to plants, 6,16, 85 

— — to soil, 29 
Heat values of food, 160 

Higb manuring, efieot on crops, 139 

Holderness cow, 237 

Holstein cow, 228, 229, 231, 237 

Hoof, 58 

Horn, 68, 66,105 

Horse, digestion of, 121, 146, 150 

— labour diet of, 122, 183 

— maintenance diet, 181 

— manure, 211, 214 

— water for, 185 
Human milk, 170,172 
Humates, 23, 36 
Humus, 24, 27, 31, 36, 40, 46 
Hygroscopicity, 27 

Igneous rocks, 34 
Increase whilst fattening, 109,127, 
172, 188 

Iron in soils, 24, 27, 45 

Jbbsey cow, 228, 229, 231, 237 

Kainite, 63 
Keratin, 105 
Kerry cow, 228 

Laboub diet, 176,183 

— efiect on digestion, 160 
Lactose, 116, 227 

Lamb, 108, 171, 203 
Lava, 31, 34 
Leaf litter, 74, 81, 212 
Leather, 65 
Leaves, function of, 5 
Lecithin, 2,185 

Leguminous crops, 11, 73, 78, 96, 
101 

Leucine, 116, 181 


Limestone, 35, 63 
Liming, 66, 62 
Linseed, 171 

— cake, composition, 130, 

134, 220 

— digestibility of, 144 

— feeding value, 122, 155, 

160, 163, 190 

— manure value, 220 
Litter, 211 

Losses by drainage, 35, 41, 42, 67, 
86, 91, 99, 100 

— during rotation, 97 

— of heat to animal, 174 
Lucerne, 78, 87, 95 

— digestibility of, 144, 146 

— nutritive value, 187 

Lupins, 101 

Maintenance diets, 158, 178 
Maize, composition of, 130,137, 220 

— crop, 72, 76, 94 

— digestibility, 144, 146, 149 

— feeding value, 122, 137, 

155, 160, 163, 184 

— manure value, 220 

— silage, 130, 144, 166, 160, 

163 

Malt, 16, 114,131 
Malt-sprouts, 130, 136, 220 

— — digestibility, 144 

— — feeding value, 155, 160, 

163 

— — manure value, 220 
Maltose, 7, 114 

Mangel crop, 74, 80, 85, 87, 95 

— manure, 61 

Mangels, composition of, 14, 130, 
132, 139, 220 

— digestibility, 144, 156 

— feeding value, 160, 163, 

209 

— manure value, 218, 220 
Manure, adaptation to crops, 82 

— animal, 210 

— application of, 66 



INDEX 


Manure, for cereals, 76 

— for leguminous crops, 79 

— for meadow hay, 77 

— for root crops, 79 

— from foods, 210 

— return from, 68 

— residues of, 69 
Manures, 49 

— price per unit, 65 

— relative value, 64 
]\Ianuring, necessity for, 49 

— special, 83 
TMaple sap, 18 
Mare’s milk, 170 
IMarl, 62 
Meadow, 77, 91 
Meat guano, 58 

— flour, digestibility, 149 
Methane from farmyard manure, 

52 

— produced by animals, 

115,119 

Mica, 34 

Milk, comparison with other 

— composition of, 108,170, 225 

— curdling of, 229 

— digestibility, 149 

— diseases of, 230 

— heat value, 171, 207 

— loss by sale of, 108 

— variations in, 227 
j\Iilking cows, diet for, 206 
IMineral phosphates, 59 
IMviscular force, 111, 176 
]\Iustard, 101 
Mycorhiza, 11 

Natubax. vegetation, 85, 49 
Nitrate of sodium, 66, 65, 66, 68, 
76, 77, 80 

Nitrates, conservation of, 43, 94, 

100 

— in food, 131 

— loss by drainage, 42, 67, 

86, 91, 99, 100 

— produced in soil, 10, 40, 

66, 90 

Nitric acid in air, 20 
— — in rain, 20 

Nitrification, 40 


Nitrites, 40 

Nitrogen, accumulation in soil, 
43, 49, 87, 92, 99 

— assimilated by bacteria, 

11, 43 

_ — by tubercles, 

11 

— equilibrium in animals, 

181 

— in albuminoids, 131 

— in animal products, 105, 

108, 110,170, 205, 217 

— in rain, 20 

— in soil, 37 

— losses of, in rotation, 97 

— stored up by animals, 

171, 188, 205, 214 

— voided by animals, 214, 

216 

Nitrogenous matters assimilated 
by plants, 10 

Nuclein, 2, 146^ 

Nutrition of animals, 104 

— of plants, 1 


Oat crop, 72, 75, 86 

— grain, composition of, 130, 

135, 220 

— — digestibility, 144,146 

— — feeding value, 122,155, 

160, 163, 184, 209 
_ — manure value, 220 

— straw, composition of, 130,220 

— — digestibility, 144 

— — feeding value, 120,125, 

135,156,160,163, 209 

— — manure value, 220 

Oil, influence on digestion, 153 
Oil-cakes, composition of, 130,134, 

220 

— advantages of use, 164, 

167,199, 208, 209 

— manure value, 59, 219, 

222 


Olein, 105, 226 

Oxen, albuminoid ratio for, 173, 
180, 181, 199 

— ash of food stored up and 

voided, 214 

— carcase in live weight, 109 

— comparison with cow, 205 



INDEX 


Oxen, comx^osition of, 106, 108 

— — increase. 110, 

1^7, 190 

— digestion of food by, 144 

— excrements of, 218 

— maintenance diet for, 178 

— manure from, 193, 211, 218 

— nitrogen of food stored nj) 

and voided, 214 

— rations for, 173, 193, 200 

— results of fattening, 193 

— water consumed by, 1G5 
Oxidation in ^Dlants, 8 

— in soils, 40 
Oxycellulose, 127,133 

Palmitin, 105 
Palm-kernel meal, 209, 220 
Pancreatic juice, 115 
Pace, influence on food, 184 
Pasteurising, 230 
Pasture, 77 

— gain of nitrogen by, 87,91 

— grass as food, 130, 138, 

144, 146, 187, 207 

— soil, 37, 40 

Peas, composition, 130, 220 

— digestibility, 144, 149 

— feeding value, 155, ICO, 163 

— manure value, 220 

— straw, 130,135 
Peat, 211 

Peat bog, 33, 41, 42 
Peat moss, 211 
Pectin, 113 
Pentosans, 113, 133 
Pepsin, 115 
Peptones, 16, 115 
Perclilorates, 56 
Perennial plants, 17 
Perspiration, IIG, 202, 216 
Phosphates, ground, 59 
— reduced, GO 
Phosx^hato, soluble, 00 
Phosphoric acid, absorption by 

soil, 45, 61, 70 

— — in animal pro¬ 

ducts, 108, 216, 
218 

— — in crops, 72 

— — in foods, 220 


Phosphoric acid, in soil, 37, 39, 70 

— — lost in rotation, 

98 

Pigs, albuminoid ratio for, 173, 

199 

— ash of food stored uj) and 

voided, 214 

— carcase in live weight, 109 

— composition of, 106, 103 

— composition of increase, 110 

— digestion of food by, 149 

— manure of, 193, 211 

— nitrogen of food stored up 

and voided, 214 

— rations for, 173, 201 

— results of fattening, 193,196, 

198 

Plant assimilation, 5, 9, 10, 11 

— constituents, 1 

— development, 15, 16 

— excretion, 12 

— respiration, 8 

— transpiration, 8, 27 
Ploughing, 47 

Potash in animal products, 108, 
216, 218 

— in crops, 72 

— in foods, 220 

— in soils, 37, 39, 45, 70 

— lost in rotation, 98 

— manures, 63, 68, 70, 219 
Potato crop, 74, 81 

— manure, 61 

Potatoes, composition of, 14, 130, 
140, 154, 220 

— digestibility, 144, IPJ, 

153 

— feeding value, 156, 160, 

168 

— mauuro value, 220 
Ptyalin, 115 

Quaetjz, 31, 32, 34 

Pain-watee, 20 
Kapo, 95,101 

Bapccako, 130, 209, 220, 223 
Kedpolled cow, 228 
Reduced phosphates, 60. 

Rennet, 238 

Residues of manures, 69 
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Eespiration of animals, 116 
— of plants, 8 
Rice meal, 130.135, 144, 155,160, 
163, 220 

Ripeness as aftecting composi¬ 
tion, 17, 85, 137 
Ripening cheese, 240 
Ripening cream, 234 
Rocks, disintegration of, 33 
Rolling, 47 
Root crops, 74, 79, 94 
Roots, fnnebions of, 9, 39 

— union with fangi, 11 
Rotation of crops, 89 

— losses during, 07 
Rotations, economical, 101 
Ruminants, digestion by, 144 
Rye, 75, 130, 220 

— bran, digestibility of, 149 

Sainpoiu, 78, 85, 87 
Sale of produce, 97, 101, 107 
Saliva, 114, 115 
Salt, common, 21, 64 

— effect on digestion, 154 
Sand, 22, 24, 27, 28, 31, 32, 34, 

42, 40 

Sap of plants, 5, 7, 9,12,18 
Sarcine, 105 
Sawdust, 212 
Scotch pine, 74, 81 
Season, influence of, 17, 84 
Seaweed as manure, 54 
Seed formation, 17 
Seeds, depth of sowing, 16 

— germination of, 15 
Separated milk, 235 
Sballow-rootcd plants, 95 
Sheep, albuminoid ratio for, 173, 

182, 199 

— ash of food stored up and 

voided, 214 

— carcase in live weight, 109 

— composition of, 106, 108 

— composition of increase, 110 

— digestion of foods, 144, 147 

— feeding in winter, 166 

— maintenance diet for, 182 

— manure, 211, 217 

— nitrogen of food stored up 

and voided, 214 


Sheep, production ot wool, 202 

— rations for. 173, 200 

— results of fattening, 193 
Shoddy, 58 

Shorthorn cow, 228, 229, 231 
Silage, 130,135,140,144, 152, 163, 

208 

Silica in plants, 12, 14, 72, 75, 96 
Silicates in sob, 34, 45, 48 
Size of animal, influence on ration, 
172, 174, 202, 206 
Skim milk, 149, 197, 234 
Skin, its functions, 116, 202, 216 
Soil, absorptive power of, 43 

— burning, 48 

— chemical analysis of, 39 

— deoxidation in, 41 

— equilibrium in, 102 

— formation of, 33 

— mechanical analysis of, 22 

— movements of salts in, 42 

— organic constituents, 36 

— oxidation in, 40, 90 

— particles, 21 

— physical constitution, 21 

— plant food in, 37 

— relation to heat, 29 

— — to water, 24 

— sandy, 27, 28, 38, 42, 46 

— tenacity of, 22 

— virgin, 49 

— weathering of, 35 

— weight per acre, 38 
Soot, 57 

Sow’s milk, 170 
Special manuring, 82 
Specific heat, 30 
Spruce fir, 74, 81 

Starch in plants, 7, 16, 17, 18, 86 

— digestion of, 114, 119, 146 

— influence on digestion, 153 

— in foods, 86, 133, 134, 135, 

136 

— heat value, 119,120 

— part in nutrition, 113 

— production value, 125, 127, 

190 

— work-producing value, 183 
Stearin, 105, 226 

Sterilising milk, 230 
Stilton cheese, 242 
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stomach, 116 

— proportion in ox, 194 

— — in pig, 194 

— — in sheep, 194 

Stones in soil, 27, 32 

Storage of food in plants, 17 
Straw as litter, 212 

— of crops, 13, 17, 67, 72, 75 

— composition of, 14, 72, 180, 

220 

— digestibility of, 144,148,166 

— energy consumed in diges¬ 

tion, 122 

— feeding value, 123, 158,160, 

163,187 

— manure value, 102, 220 

— pulp as food, 125,126 
Subsoil, 80, 83,35, 87, 41 
Sugar, digestion of, 115 

— heat-producing value, 119 

— influence on digestion, 153 

— in foods, 133,136 

— in plants, 7, 16 

— part in nutrition, 113, 125, 

127 

Sugar of milk, 115, 227 
Suint, 106, 107, 202 
Sulphate of ammonium, 55, 67, 
65, 66, 67, 76, 81 

— of potassium, 63 
Sulphates in rain, 21 
Sulphocyanates, 55 
Superphosphate, 60, 65, 68, 70 
Swede crop, 73, 79, 98 
Swedes, composition of, 130, 220 

— feeding value, 156, 160, 

163 

— manure value, 220 
Symbiosis, 12 

Tan, spent, 212 

Temperature,influence on animals, 
166,189 

— — on plants, 5, 

85 

— of soil, 29, 87 

Thomas’ slag, 69, 65, 66, 69, 77 . 
Tillage, efiects of, 27, 41, 47, 89 ^ 4 
Tilth, 47 ■ / 

Timber, composition of, 1,14, 74, 

81 


Top-dressing, 66 
Training, influence of, I7S 
Transpiration of water, 8, 27 
Trees, food stored up in autumn, 

18 

Trypsin, 116 

Tubercles on leguminosje, 11 
Turnip crop, 73, 79, 85, 86, 94 
Turnips, composition of, 130, 136, 
220 

— digestibility, 130, 144 

— feeding value, 160, 163 

— manure value, 220 

— winter feeding of, 166 
Tyrosine, 115,131 

Ueea, decomposition of, 61, 222 

— formation of, 112, 116 

— fuel value, 119 
Urine, 165, 210, 215, 223 

Vetches, 187 

Wabmth of soils, 29 
Water for animals, 165,166 

— influence on nutrition, 165 

— relations to soil, 24, 41, 42, 

48 

— relations to vegetation, 1, 

4, 6, 8, 27, 85 

Weeds, 8. 

Well water, nitrates in, 99 
Weekly results during fattening, 
198, 196 

Welsh cow, 228 

Wheat bran, composition of, 130, 
135, 136, 220 

— — digestibility, 144,148 

— — feeding value, 156, 

ICO, 163, 208, 209 

— — manure value, 220 

— crop, 72, 75, 83, 85, 88, 94, 

98 

" — grain, composition, 14,130, 
137, 220 

— — food for sheep, 199 

— — manure value, 220 

— straw, composition, 14, 72, 

130, 220 

— digestibility, 144,148 

156 
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Wheat straw, energy consumed in 
digestion, 122 

— —- feeding value, 123, 

159,160, 163, 187 

— — manure value, 102, 

220 


Whey, 240, 243 
Winter, influence on crops, 86 
Wood ashes, 64,137 
Wool, composition of, 108, 202 
— production, 202 


Wool, suint (yolk) of, 106, 107, 
202 

Woollen refuse, 68, 65 
Work, external, 176,186 

— internal, 121, 176,186 

— produced by 1 lb. food, 184 

— production of, 111, 121,176 
Working rations, 186 

Worms, 40, 48 

Yolk: (suint) of wool, 106,107, 202 
Young animal, nutrition of, 169 


See page 244 foe Appendix. 


THE END. 



